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EXECUTI VE SUMVARY

The U. S. Mnerals Managenment Service (M MS) has begun to nonitor
popul ations of seabirds in the Bering Sea in order to determine if any
future popul ation changes that occur are caused by 0CS petrol eum
devel opnent operations. MV5 desires that the initial nonitoring studies
investigate seabird abundance, productivity and diet; conpare new findings
with findings of previous studies; discuss the significance of population
trends observed; and devel op strategies for future nonitoring. Seabird
colonies at Cape Peirce on the Alaska mainland and at the Pribilof I|sl|ands
have been designated to be the focus of initial investigations.  Several
studi es have been conducted at each location in the past, but the results
of past studies are frequently not suitable for [ong-term nonitoring
studi es because of different objectives.

El even species of seabirds are common in the col onies of interest
(including both sites); the Pribilof |sland col onies support a nore
di verse species assenbl age than does Cape Peirce. Species potentially
useful for population monitoring include black-1egged and red-|egged
kittiwakes; thick-billed and comon murres; red-faced, pelagic and double-
crested cornorants; and parakeet, crested and |east auklets.

Bl ack- | egged kittiwakes number from 1-4 mllion in the eastern Bering
Sea in sumrer and fall. They nest abundantly at both Cape Peirce and the
Pribilefs, varying greatly in reproductive success from year to year.
Non- breeders are widely dispersed in the Bering Sea in summer; nost nove
south in winter. They feed mainly on fish at or near the surface.

Red- | egged kittiwakes nest abundantly (88$ of the world popul ation of
250, 000) at the Pribilofs, but do not nest at Cape Peirce. Their breeding
success is highly variable annually. Feeding birds in summer concentrate
south and west of the Pribilofs, most moving south in winter. These birds
feed mainly on fish at or near the surface.

About 5.3 mllion nurres breed in the eastern Bering Sea; common
murres are the only species at Cape Peiree and thick-billed nmurres
predoninate on the Pribilofs. Mirres are long-lived, slowreproducing
birds with |ess annual variability in breeding success than the
kittiwakes. |n summer nost concentrate to feed near the colonies; nost
also winter in the Bering Sea. Both species eat mainly fish; comon
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murres depend | argely on nearshore md-water fishes and thick-billed
murres depend largely on denmersal fishes and crustaceans in deeper waters.

O the cormorant species, the red-faced cornmorant is the only one
nesting at the Pribilefs, and pelagic cornorants dom nate at Cape Peirce.
Red-faced cornorants are year-round residents at the Pribilofs. Al the
cornmorant species feed largely on fish, which they eateh by diving in
waters near their breeding colonies.

The three auklet species are extrenely abundant breeders in the
eastern Bering Sea, with estinmated populations of 6 mllion (Ieast
auklet), 2 million (Crested auklet) and around 0.5 mllion (parakeet
auklet). Al are long-lived and reproduce slowy, but data on
reproduction are difficult to gather because many nest deep in crevices.
Most individuals of a1 species concentrate near their breeding colonies
from May to Septenber, but nostly nove out of theBering Sea in winter.
Least and crested auklets dive to noderate depths to prey on zeoplankton.
Parakeet auklets feed at varying depths and on a greater variety of prey
than do the other two species.

This first-year nonitoring program includes studies of three mgjor
t opi cs--popul ation estimtes, productivity estimates, and food habits.
Based on the results of our studies and on information collected by
others, we have made recomrendations for nonitoring strategies.

Popul ation Studies

The objectives of our population studies were (1) to determne ir
seabird popul ation size had changed on the Pribilofs and at Cape Peirce
since previous studies, and (2) to estimate seabird popul ation size

The popul ation studies focused on a few key seabird species, and
included two main strategi es--visual counts of seabirds on plots studied
in previous years, and intensive sanpling of portions of plots using time-
| apse phot ogr aphy.

Qur research was focused on four areas: the documentation of diurnal
trends in abundance, seasonal trends in abundance, anong-year trends in
abundance and analysis of methods to inprove popul ation estimators.

Mbst species of seabirds exhibited distinct diurnal cycles in
attendance that were not in phase with each other. These cycles were



pronounced early in the season but dimnished as incubation got underway.
In general, plot censuses should be conducted during the md-incubation
period, when nunbers of hirds are nmost stable and counts may be made over
a broad segment of the day.

The influence of seasonal trends (variation in attendance over the
course of the breeding season) in counts of seabirds may be very inportant
in assessing anong-year trends in popul ation size. \Men a |arge seasona
conponent of variation exists (as was found for several species) several
replicate counts are necessary to distinguish anong-year from within-year
conponents of variability. Unfortunately our baseline from the Pribilofs
is limted to single counts sanpled over a broad tinme period (u to one
mont h) thus preventing the elucidation of unanmbi guous anobng-year
conmponent s of populaten changes.

For many species the counts on the Pribilofs in 198% were |ower than
counts made in 1976 or 1982, and usual ly nuch |ower thanin 1976. These
changes were nore pronounced on St. George than on St. Paul. The nost
convincing evidence for a substantial decrease in population trend was for
red-faced cornorant, on both islands. For other species (1) apparent
changes in abundance were not significantly different anong years (conmon
murre and red-|egged kittiwake), or (2) there were significant changes in
abundance but counts in 1984 indicate recovery relative to 1982 (northern
fulmar), Or (3) different trends occurred on the two islands (black-Iegged
kittiwake and thick-Dbilled murre), suggesting that seasonal changes
(sanpl e dates) mght be responsible for the significant test statistics.

Ve found that the method of stratification originated by Hickey and
Crai ghead (1977) is useful in inproving population estimates based on
changes in occurrence or density of sone species anobng strata. To
i ncrease precision, our population estimtion anal yses describe maxi num
l'ikel'ihood estimators that optimally fit the seabird data to mathemati cal
distributions of known properties. An inportant investment of time in
future studies would be to accurately determne the area of study plots
and the area of the cliffs (proportionof the total cliff area) occupied
by birds to inprove extrapol ation procedures.

Qur cluster counting and maxi mum |ikelihood estimator procedures
al ways inproved our estimates (increased the precision and reduced the
confidence intervals) of population size over nethods previously used,



l.e., mean density/area estimators (Hickey and Craighead 1977, Craighead
and Qppenhei m 1982). Qur ability to estimate popul ations ranged from
very good for thick-billed murres (+ 103) to poor for red-faced cornorant
(£ 1009 .

In sunmary we feel a nore eritical exam nation of the seabird
nonitoring strategy be undertaken before the MVS program becones firmly
establ i shed. A monitoring program demands that studies be conparable
anong years; however an uncritical philosophy of repeating prior baseline
studies (often designed with different research foci) may preclude meeting
current objectives. We recommend that enphasis be placed on determ ning
the nmost effective means of nonitoring trends. To achieve this,
I mprovenent in plot selection, sanpling intensity (spatial and tenporal)
and anal ytical procedures all need to be addressed. A |ower, albeit
I nportant, research priority should be to inprove the technique for
estimating actual popul ation size.

Productivity Studies

The term ‘productivity® in this study, is the nean nunber of chicks
per nest (or site, in the case of murres) still alive in study plots at
the termnation of field investigations. Al conplete nest platfornms were
consi dered kittiwake nests; all sites on cliffs where murre eggs were seen
were considered nurre nests. Productivity estimates, when conpared with
those of past years, showed that productivity has been low for the past
few years, including 1984, for nost species.

Estimates of black-1egged kittiwake productivity were very lowin
1984 on St. George (0.14) and St. Paul (0.06) islands and at Cape Peirce
(1ess than 0.01). Likelihood Ratio Tests indicated that 1984 was anong
the poorest of years measured for black-legged kittiwake productivity and
reproductive success in the southern Bering Sea, Conparisons over recent
years at other colonies in the Bering Sea indicate that black-|egged
kittiwake productivity has been depressed for three years at nany
I nportant colonies (St. Ceorge, St. Paul, Cape Peirce, St. Matthew and
possibly St. Lawence).

Red- | egged kittiwake productivity was very low on St. CGeorge and St.
Paul islands in 1984 (0.13 and 0.09). Likelihood Ratio Tests indicate
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that on St. George Island, where about 80% of the world population nests,
productivity has been |ow for at |east the last five years when data were
obt ai ned.

Estimates of productivity of thick-billed murres in 1984 were nuch
hi gher on St. George Island (0.31) than on St. Paul (0.03); it has been
specul ated that human disturbance at St. Paul may have the effect of
depressing seabird productivity. Productivity of thick-billed murres was
mar kedly higher in 1984 on St. George than Crai ghead and oppenheim
recorded in 1982.

Maxi num estimates of productivity of common murres at Cape Peirce in
1984 were only 0.05, | ower than recorded in 1976 and 1981. During the
studies in 1984 and 1976, conmon ravens preyed. heavily on eggs of conmon
nurres and bl ack-1egged kittiwakes at Cape Peirce. During years when
productivity is depressed (when breeding birds may be stressed, as in
1984), ravens may be more effective predators of eggs and chicks.

There were no significant differences in productivity among different
el evational strata or among different plots for any key species of seabird
studied in 1984 on the Pribilof |slands or at Cape Peirce.

Sufficient time should be budgeted in seabird colony studiesso that
productivity (mortality) of eggs and chicks can be tracked through the
entire breeding season (until surviving chicks are large). Studies that
end early run the risk of inaccurately estimting productivity.

Anal ysis of time-lapse photography shows great promise as a tool for
documenting trends in colony attendance, which may be related to
reproductive status. Detailed conputer analyses of time-lapse photography
may hel p determ ne the nunber of breeding nurres (especially comon
nurres) On crowded | edges where eggs and chicks (breeding pairs or active
sites) often are difficult or inpossible to detect by customary visual
met hods.

Feedi ng Studies
Food habits studies of 10 seabird species at the Pribilef |slands ,
showed that sone specialized in fish and others ate predonminantly pelagic

invertebrates. In 5 species (northern fulmar, both kittiwakes, parakeet
auklet, tufted puffin) fish conprised greater than 80% of wet weight diet.
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In three other species (comon murre, thick-billed murre, horned puffin)
fish comprised 25-70% of diet wet weight, with the remai nder being
primarily crustaceans (in murres) or squid (in horned puffins). In the
remai ning two species (least and crested auklets), fish conprised less
than 2% of diet wet weight, and crustaceans conprised greater than 94%
Differences in the diets of birds grouped by age, time during the
breedi ng season, or island (St. George or st. Paul) were found in 3 of the

4 species studied in detail. Only in |east auklets Wwas the diet simlar
between nonths and islands. Hence, if the diets of seabirds are tobe
useful at all im nonitoring studies, It is inportant to contro

collections for various attributes of the birds' ages, collection
| ocations and tines of sanpling.

Vet wei ght neasurenents of food sanples were nore rapid, nore precise
and nore consistent than werevol umetric neasurenents, Wt weights are
recommended as the preferred method of measuring the anounts of food eaten
by seabirds. Al though no statistical evaluation was made, non-parametric
statistical nmethods probably are nore appropriate for analyzing
differences in the anount of food eaten than are parametric nethods

Monitoring Strategies

The objectives of a seabird nonitoring programare to neasure trend
in populations and to determne if observed changes in trend are
devel opment-related. Potential itens to be nonitored include popul ation
nunbers, productivity, and seabird diet.

Past research at some colonies has denonstrated that small to
noderate changes in numbers and annual production of seabirds at colonies
can be docunent ed. Causes of change have been nore difficult to
determne, though changes in food availability, resulting from such things
as fishing by man, large-scale shifts in ocean circulation or climtic
changes, have been inplicated. There is no indication fromthe literature
that any activities related to OCS devel opment, except for oil spills,
have caused popul ation changes to seabirds.

Based on an analysis of available literature and an evaluation of
results fromthis program a conbination of two general approaches seens
desirable for monitoring studies-- (1) repeated neasures of population
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nunbers over time at selected colonies to deternine population trends, and
(2) experinents at sites of OCS activity to determine whether the
activities affect annual productivity. Trend neasurenents al one cannot
I solate causes of change, and results of experiments at sites of OCS
activities cannot, without trend nmeasurenments, be readily translated into
regi onal popul ation-level effects. It doesnot appear that food habits
studi es would contribute a great deal to determ ning whether bird
popul ation nunbers change or to establishing whether OCS activities caused
any changes. However, catastrophic diet changes have been |inked to major
popul ation changes in some species of seabirds. If diets of seabirds are
not monitored systematically in simlar situations in the Bering Sea,
simlar changes could be attributed arbitrarily to OCS activities.

For measuring regional trends in popul ation nunbers over tine,
moni toring should focus on species that are abundant, w despread, and
easily sanpled and that have several years of historical data at the
colonies to be nonitored. Species that are endenmc to the area also are
of particular interest. At least one species from each major foraging
type (e.g., beathie, surface, nearshore, offshore) should be included if
possible. In the Bering Sea, the five nost suitable species are, in
approxi mate order of suitability: red-legged kittiwake, bl ack-|egged
kittiwake, thick-billed murre, | east auklet, and red-faced cornorant.
Colonies that would be mpst suitable as trend nonitoring sites, based on
the nunber and diversity of seabird species present, ease of study, and
amount of historical data available, are those on the Pribvilof Islands,
St. Lawence Island, Bluff, St. Matthew Hall islands, and Cape
Peirce/Shaiak |sland. Qther colonies are considered |ess suitable.

The primary variable of interest for trend monitoring is population
nunbers, and several considerations apply. Two measurenents are
desirable: (1) the number of birds in attendance and (2) the number of
nests or breeding birds. Distributional characteristics of mpst seabirds
in colonies suggest that the best enuneration techniques involve
stratifying cliff faces on which birds occur, counting of birds on sanple
plots, and accounting for clustering of birds in statistical treatment of
data and deriving maximum |ikelihood estimators that optimally fit the
seabird data to mathematical distributions of known properties. Patterns
of tenporal variability in bird attendance at col onies suggest that at



| east ten replicate counts should be nade. Counts should be designed
(e.g., collapsible into sinpler forns) so that data collected can be
readily compared with data from previous studies.

For determ ning whether OCS activities contribute to seabird
popul ati on changes, site-specific studies of the effects of selected
activities on productivity are recommended. Studies with spatial controls
should be designed around specific activities that oececur near seabird
colonies or feeding areas. The neasured effects of these activities on
col ony productivity should be translated into potential long-term effects
on regional population numbers SO that correlations nmay be made with
results of the trend nonitoring studies (see above). Unfortunately, the
activity nost 1likely to affect popul ation nunbers is probably an
accidental oil spill, effects of which would be difficult to
experinental |y evaluate because |ocations of spills are not predictable.
The nost that can be hoped for in such a case would be to quantify oil=-
caused nortality to the extent possible and attenpt to relate nortality
level t0 observations at trend nonitoring stations (e.g., at colonies).

Productivity data collected on test and control sites should be
amenabl e to rigorous statistical tests for differences anong |ocations and
years. Passive nmethods for determning productivity (e.g., observations
froma distance) are recommended to prevent reduced productivity as a
consequence of the research activity. Automatically-controlled canera
systens to regularly photograph sanple plots offer promse in both
popul ati on and preduetivity studies.
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| NTRODUCTI ON

The United States Department of the Interior (uspI), Mnerals
Managenent Service (MMS), contracted LG. Ecol ogical Research Associates
Inc. (LGL) to design and inplement a seabird nmonitoring program at two
colonies in the Alaska Bering Sea--the Pribilof |slands and Cape Peirce
(Fig. 1). MVE wi shes to nonitor seabird breeding col oni es because
seabirds are highly visible, major conponents of marine ecosystens, and
because they may be vul nerable to Quter Continental Shelf (0CS)
devel opment activity. Further, many of the seabirds occurring in the
Bering Sea are protected by treaties between the U S A, Japan, Canada,
and the U.S.8R to conservation of mgratory birds and their environnent.
These treaties prohibit the disturbance of nesting colonies and directs
the contracting parties to undertake measures necessary to protect the
environment of migratory birds and to prevent and abate the pollution or
detrinental alteration of that environment.

The seabird monitoring programconstitutes efforts by the U S A to
better understand what environnmental factors influence seabird abundance
and productivity and to determne if seabirds are affected by OCS oil and
gas activity scheduled to occur soon in the Bering Sea

(bj ectives

The purpose of the work conducted during the summer of 1984 was to
neasure selected popul ation characteristics of nesting seabird colonies at
Cape Peirce (exclusive of Shaiak |sland) and on the Pribilof |slands. The
studies in 1984 are part of a long-termnonitoring program and as such,
include a re-census of colonies that have been censused before.

Specific objectives were to

(1) develop statistically valid neasures of the number of
birds and the chick productivity for each najor species in
the Cape Peirce and Pribilof | sl ands col onies,

(2) devel op estimates of kinds and anounts of foods consumed
by the major species in the Pribilof |sland col ony,
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Maj or breeding concentrations of seabirds in the Bering Sea
(greater than 500,000 birds) (after Sowls et al. 1978,
Nysewander et al. 1982).



(3) conpare the results of the study with those of previous
studies of the colonies,

(4) discuss the biological significance of population trends
in the colonies, and

(5) develop strategies for future monitoring efforts for the
col oni es.

Sites for Study

The sites of interest are in the southern Bering Sea. Cape Peirce is
on the mainland, whereas the Pribilof |slands are renote oceanic islands
close to the shelf break (Fig. 2).

Dick and Dick (1971) and Petersen and sigman (1977) describe the Cape
Peirce area in detail, especially climtic and physiographic features.
Hiekey and Craighead (1977) describe the physiography and climatic
features of the Pribilofs.

Aside from sporadic hunting and fishing activities near the entrance
to Nanvak Bay, and the activities of biologists there, little human use is
made of the Cape Peirce ares- The nearest permanent residents are at the
Air Force Radar Stationat Cape Newenham about 10 km Wof Cape Peirce.
The nearest village is Goodnews Bay, about 25 km N of Cape Peirce.

Two villages are located on the Pribilof |slands; the largest is on
St. Paul, where an airport and extensive systemof roads and trails
provi de access to nost of the island. The smaller village and airport and
| ess extensive system of roads onSt. Ceorge somewhat |imts access to
seabird cliffs over most of this island.

a11 four islands in the Pribilof group--St. Paul, St. George, Qter,
and Walrus islands--support seabirds; however, only the first two have
| arge breeding popul ations and have been the subjects of intensive study.
Cape Peirce has more than one col ony-- Cape Peirce proper and nearby Shaiak
| sl and.

The species present in the four colonies and their estinated
popul ation sizes are listed in Table 1 (Sowls et al.. 1978). Several ngjor
differences are evident between the species conpositions of the two areas.
At the Cape Peirce colonies, two species--comon murre and black-|egged
kittiwake--account for nost of the birds. The tufted puffin and gl aucous-
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Table 1. Popul ation estimtes (birds) of seabirds in study areas (from
Sewls et al. 1978).

Pribilof |glands ~ ____ Cape Peirce
. George St. Paul Cape Peirce Shaiak Island
Northern fulmar 70, 000 700
Red-faced cornorant 5000 2500 15
Doubl e-crested cornorant 600
Pel agi ¢ cor nor ant 700 100
@ aucous-wi nged gul | b 20 500
Bl ack-1egged kittiwake 72,000 31,:00 200, 000 20, 000
Red- | egged kittiwake 220, 000 2200
Common murre 190, 000 39, 000 500, 000 50, 000
Thick-billed murre 1, 500, 000 110, 000
Pi geon guillemo t 300 X
Par akeet aukl et 150, 000 34, 000 100 X
Crested aukl et 28,000 6000
Least auklet 250, 000 23,000
Horned puffin 28,000 4400 900 X
Tufted puffin 6000 1000 100 80,000

TOTAL 2,519, 000 253, 800 702, 187 115, 800




winged gull are also very common but are restricted primarily to Shaiak

| sl and.
In contrast, the Pribilof |slands support a much nore diverse

assenbl age of species. Eleven species may be considered very conmon- -
northern fulmar, red-faced cormorant, black-legged kittiwake, red-|egged
kittiwake, CONMMDN murre, thick-billed murre, par akeet aukilet, crested
auklet, least auklet, horned puffin, and tufted puffin. Im all cases nuch
larger popul ations exist on St. George Island than on St. Paul | sl and.
But, except for northern fulmar, each species i s nunerous on both islands.

BACKGROUND

Previous Studies in the Areas of Interest

Several studies of seabirds have been conducted at each study site
prior to 1984; these are sunmarized in Table 2. At the Pribilof Islands,
the data for productivity are the nost conprehensive, but good data for
food habits are also available for several years. At Cape Peirce,
popul ation estimtes formthe nost extensive data sets, followed by
productivity estinates.

Two inportant points need to be made regarding these earlier studies.
First, there is trenendous variability in the scope and spatial and
tenporal extent of the investigations. Some studies concentrated on only
a few of the species present, others on most species. For exanple, sone
studies in the Pribilef |slands exanmined both major islands, others only
one. Simlarly, at Cape Peirce, studies are divided between Shaiak
| sl and, Cape Peirce proper, and both. Some studies lasted single days,
others for entire sumrers. Fortunately, to nmaximze the compatibility
anong studies, nost recent investigations in the sane areas focused on the
same study plots that were used by earlier investigators.

The second inportant considerations that results of many of the
studies (Table 2) remain unpublished. Qur prelimnary inquiries indicated
that nost unpublished studies were available; in this report we have used
summaries of the most intensive unpublished productivity research (e.g.,
D.S. Lloyd, Univ. of Alaska, 1980-81, both study areas).



Table 2. Seabird studies conducted at the eruer ISlands and Cape eeirce.

Pribilof Islands Cape Peirce
Popul ation Popul at i on
Year .._Source _  [Estimation  Productivity Food ___Source  _Estimation  Productivity .Food
1970 Dick and Dick non- [imted limted
1911 systemtic
1973 Divoky unpubl. roqut&acensus
Di ck unpubl., y7 ?
1975 Hunt et al. es es
ot y y
197 and study plots Petersen and  study plots es
i léifcﬁllﬂleéh%% 1977 i and sigman 1977 e y
1977 Iilg% et al. yes yes  Petersen usput. (1 day) ?
1978  Hunt et al. es
7 y
1979 mmtet al. 1982 yes
1980 LI OYd unpubl. RLKI
1981 HO dur:Lergllbl study plots rgéﬁst aukl et LI Oyd unpubl, St Udy plots yes limited

1982 Craighead and study plots
ﬁp nheim
oeby unpubl. least auklet




Bi ol ogy of Key Species

Anal ysi s of previous studies suggests that 11 species are comon in

the study area (including both sites). Sunmmaries of the biology of the
nost common species (those enphasized in this study) are Presented below.

Kittiwakes

Kittiwakes are small, pel agi c gulls. Two Species occur in the Bering
Sea--the bl ack-1egged kittiwake (Rissa tridactyla) and the red-I|egged
kittiwake (R. brevirostris). Bl ack-legged kittiwakes are circumpolar in
distribution and are numerous in the eastern Bering Sea, where a mnimm
breedi ng popul ation is estimated at 750,000 (Sowls et-al. 1978).
Popul ation indices derived from aerial and shipboard censuses indicate the
presence of 1-3 million bl ack-legged kittiwakes in summer and 3-4.5
million in fall over the eastern Bering Sea (Gould et al. 1982). Red-
legged kittiwakes are endemic to the Bering Sea. They are known to breed
only at Buldir and the Bogoslof |sland group in the Aleutians, in the
Conmander Islands, and in the Pribilof |slands. About 88% of the estimated

wor | d popul ation of about 250,000 birds breeds at the latter site.

Black-legged Kittiwake The Dbreeding distribution of Dbl ack-Iegged
kittiwakes in the Bering Sea is depicted in Figure 3. Bl ack- legged

kittiwakes typically nest on | edges on vertical faces Of cliffs, although
they may nest on gradual slopes if ground predators are absent. They |ay
clutches of one to two (rarely three) eggs (Hunt et al. 1981e) in the
Bering Sea.

At Buldir Island from 1974-76, peak laying of black-Iegged kittiwakes
occurred between 14-24 June, peak hatching occurred from 11-21 July, peak
fl edging was from 7-25 August and departure took Place between 15-30
August (G.v. Byrd, USFWS and R.H. Day, Univ. Al aska; unpublished data).
At the Pribilof |slands from 1975-79, nean date of clutch initiation was
about 1 July, mean date of hatching was about 24 July, and nean date of
fledgi ng was about 11 Septenber; the period of residency extended from
md-April to md-Qctober (Hunt et al. 1981b). Nesting at the northern
colonies may be delayed in cold years due to ice cover on the seas and
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snow cover-on nest sites (D. G Roseneau, LGL Al aska Research Associ at es,
Inc. , pers. comm.).

Bl ack-1 egged kittiwakes vary considerably in reproductive success,
both anong years and anong sites. Reasons for the high annual variability
in kittiwake reproductive success are not fully understood. \Veather is
presuned to play a part, either as a long-term nediator of prey
production, as an influence on phenology of prey availability in a given
year, or in interfering with foraging efficiency of the birds during key
periods in the reproductive eyele. At present there are insufficient data
to test various hypotheses.

In Britain, black-legged kittiwakes first breed at three to five
years of age (Coulson 1966). At onset of breeding, life expectancy is 5.4
years for males and 7.1 years for females (Coulson and Wooler 1976).
These estimates may not be valid for the Pacific population.

Non- breeding birds in pelagic habitats are widely dispersed. 1In the
sout heastern sector of the Bering Sea, Hunt et al. (1981e) described a
tendency for higher densities between the 100-m iscbath and deeper waters
of the shelf break, and for lower densities between the 50- and 100-111I
isobaths.

In winter, nost of the breeding popul ati on leaves the Bering Sea,
though sonme spend the winter northof the A eutians, on shelf break and
oceanic waters north to the Pribilofs (Shuntov 1972). Observations al ong
the ice-front indicate that kittiwakes are not particularly abundant there
relative to their abundance in areas south of the ice pack (Divoky 1981).
Goul d et al. (1982) described kittiwakes as virtually absent from shallow
waters of Bristol Bay in winter, but present in ‘fair numbers® over shelf
break and oceanic waters.

The feeding method of kittiwakes i S primarily dipping; however,
surface-seizing and occasionally shallow pursuit-diving is enployed (Hunt
et al, 1981a). Fish are the primary prey, but crustaceans (euphausiids,
amphipods) and cephal opods are also consumed. In the Pribilof |slands,
the nost inportant prey reportedly has been walleye pollock, but ot her
fish such as capelin, sand | ance, and myetophids al so are preyed upon;
Hunt et al. (1981la) noted an increase in the proportion of fish
(especially polloek) taken as the breedi ng season progressed and a
correspondi ng decrease in use of crustaceans. In other regions, sand
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| ance and ecapelin predom nate over polleeck as principal prey itens, and in
the northern Bering, arctic cod is also inportant (Drury et al. 1981). In
the Bering Strait and Seward Peninsula region, kittiwakes may prey heavily
on crustaceans in July of some years (Hunt et al. 1981a). The presence of
sand | ance (and presumably capelin) seens to be inportant to high
reproductive success (Mirphy et al. 1980).

Red-legged Kittiwake The breeding distribution of the red-|egged
kittiwake in the Bering Sea is depicted in Figure 4. Red- | egged

kittiwakes nest on cliff |edges (Hunt et al. 1981e). Single-egg clutches
are the rule, although two-egg clutches have been reported (Huntet al.
1981b) .

Red-| egged kittiwakes arrive at the Pribilof |slands in early to late
April and nost |eave in Septenmber (Hunt et al. 1981d). At Buldir Island,
1974-76, the peak laying period was 20 June to2 July; peak hatching was
21-30 July; peak fledging was 20 August to 10 Septenber; and departure °
occurred 10-25 Septenber (G.V. Byrd, USFWS and R.H. Day, Univ. Al aska;
unpublished data). On St. George Island, 1976-78, nean date of clutch
initiation was 4-7 July; nean date of hatch was 31 July to 10 August; and
nmean date of fledging was 10-18 Septenber.

On the Pribilof |slands, chicks fledged per nest attenpt ranged from
0.3-0.6, except during 1978 when this value fell to 0.10-0.13. Fl edging
success for hatched chicks was high, averaging 70-87% (Hunt et al. 1981la).
On St. George Island in 1981, productivity fell below 0.10 chicks per nest
attenpt, and many pairs did not build nests (D.S. LI oyd, unpub. data).
Reasons for breeding failures of this magnitude are not known. Hunt et
al . (1981p) thought poor breeding success in 1978 resulted from bad
weather that interfered with feeding, but this reasoning may be
insufficient to explain the 1981 breeding failure (RH Day, Univ. Al aska,
pers. comm. 1982).

In summer, red-legged kittiwakes are concentrated over the shelf

break west and south of the Pribilofs. Few are sighted in water shallower
than 100 mand very few are recorded north of 590N or east of 1650w (Hunt
et al. 1981d).

Little is known of the winter distribution of this species. Shuntov
(1972) stated that many, if not nost, red-legged kittiwakes | eave the
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Bering Sea. Records fromthe Gulf of Alaska in fall and winter (Kessel
and G bson 1978) support the hypothesis that dispersal out of the Bering
Sea occurs before wnter

Feeding is by dipping or surface-seizing (Ashmole 1971). Hunt et al
(1981a) f ound myetophids (|antern fish) to bean inportant food item at
the Pribilof |slands; walleye pelloek were al so taken at the Pribilofs.
Cephal opods were the nost inportant prey itemother than fish. Huntet
al. (198la) noted a trend towards increased use of fish from June to
Septenber. In the Al eutians, red-legged kittiwakes were found to feed
primarily on fish and crustaceans, and secondarily on cephal opods (Day
1980) .

Murres

Two species of nurre, thick-billed (Zria lomvia) and common (U.
aalge), occur in the Bering Sea; both are widely distributed in the North
Pacific and the North Atlantic. The eastern Bering Sea reportedly
supports a mnimum of 53mllion breeding nurres (Sowls et al. 1978)
(Fig. 5).

Because the two species are simlar in appearance, many observers
have not distinguished between themin pelagic censuses; however, the
relative abundance of the two nurres at their breeding colonies is better
known. Conmon murres predomnate at the mainland coastal colonies of the
Bering Sea such as Cape Peiree, Whereas thick-billed nurres predomnate in
the Al eutian, Pribilef, and other offshore islands and in the northern
Bering Sea (Roseneau and Springer 1982). They are often found nesting im
m xed colonies. Life histories of the two species are simlar in many
respects; unless indicated otherw se, ™mwurre® in the follow ng accounts
refers to both species.

Mirres lay a single eggon the bare rockof cliffs. Comon murres
tend to use broad |edges and flat areas, whereas thick-billed nurres tend

to use narrower |edges on steep cliffs.

In the southern Bering Sea, murres begin to aggregate on waters near
the colonies in late March and April (Hunt et al. 1981b). Laying begins
fromearly June (Cape Peirce) to late June, and peaks frommd- to late
June. Peak hatching in the Pribilof |slands occurs fromlate July to md-
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August, and peak fledging occurs from md-August to early Septenber (Hunt
et al.’ 1981 b). Breeding phenology i S generally later in northern areas
such as St. Lawence Island and Norton Sound than in the Pribilef |slands.
But anmong-site differences in timng of breeding activities are sonetines
obscured by |arge interannual differences, such as a 2.5 week difference
between peak laying in 1977 and 1978 at Bluff in Norton Sound (brury et
al. 1981).

Young nurres ‘leap“fromtheir natal cliffs at about three weeks of
age and glide to the sea. They remain in the water for an additional
three weeks or nore before they are capable of sustained flight (Tuck
1960). Adults acconpany the chicksat seaat this time;, here the adults
undergo nolt and are incapable of flight for about two weeks (Roseneau and
Springer 1982).

Mirres probably do not breed until their fifth year "(Birkhead and
Hudson 1977). Average |ife expectancy for adult conmon murres in Wl es
was estimated to be 11 years, and adult survivorship was 91.5% (Birkhead
and Hudson 1977). Estimates of reproductive success of nurres from
various locations in the Bering Sea have ranged from0.3-0.7 young fledged
per egglaid(Huntet al. 1981e¢).

At the Pribilef Islands, relatively high densities of nurres are
found near the breeding colonies (Fig. 6) (Huntet al. 1981b) and along a
hydrographic front |ocated 55-60 km from the Pribilef |slands (Kinder et
al. 1983). It is not known what proportion of non-breeding nurres are
associated with the colonies in sunmmer, although peak nunbers in both
early and |ate summer may represent periods when birds prospecting for
nest sites (including sub-adults) are present at the colonies (Tuck 1960).

Mirres are distributed in fall over shelf waters fromthe Qlf of
Anadyr to Bristol Bay. They may remmin in northerly areas of the Bering
Sea until forced south by advancing ice (Shuntov 1972). Thick-billed
murres are known to winterin | eads and polynyas north of the ice-front
(Roseneau and Springer 1982), and both species have been recorded along
the ice-front; nurre densitiesto 1000/km2 at the front are common, and
concentrations of 10,000/km2 and a total count of 25,000 individuals in
one flock have been recorded (pivoky 1981). As the ice-front advances
southward, nurres tend to concentrate in the southeastern Bering Sea,
where extensive shelf areas remain ice-free (Roseneau and Springer 1982);
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Figure 6. Pelagic distribution of commn and thick-billed murres in the
Bering Sea, March-Novenber (after 6G.L. Hunt et al. 1981a,
G.L. Hunt et al. 198lc).

18



nunbers appear to increase in the eastern Aleutians and Unimak Pass during

the fall ( Shuntov 1972).
Murres feed by diving and may attain depths of 110-130 m (Forsell and

Gould 1980). Fish are the principal prey, but invertebrates are often an
important constituent of the diet. Common murres tend to feed within a
few km of shore in water 50 mor less in depth, whereas thick-billed
murres MRy feed tens of kiloneters to sea in deep water (Roseneau and
Springer 1982).  Thick-billed murres al so take a greater variety of prey
(with agreater proportion of invertebrates in the diet) than do conmmon
murres.

Conmon murres are dependent on nearshore md-water fishes, whereas
thi ck-bi |l ed murres use demersal fishes. Common murres in the Bering Sea
feed on a variety of fish including cod, sand |ance, ecapelin and
pricklebacks (Stichaeidae); the latter is used principally as food for the
chicks.  Thick-billed murres frequently prey on all of the above fish
(except pricklebacks) and al so take seulpins, which occur near the sea
bot t om (Roseneau and Springer 1982). Invertebrates consuned by both
speci es inelude, in approxi mate order of inportance, shrinps, amphipods,
euphausiids, cephal opods and polychaetes (Roseneau and Springer 1982).
There is considerable regional variability in diet; murres On the Pribilof
| slands take wal | eye pollock extensively, whereas murres in Norton Sound
are dependent on sand |ance and arctic cod (Hunt et al. 1981a).

Cornorant s

Figure 7 depicts distribution and relative abundance of the three
cornorant species found in the eastern Bering Sea. The red-faced
cornmor ant (Phaloerocorax urile) is nostly confined to the Aleutian Islands
and the Alaska Peninsula. Its breedi ng range extends from the Conmander
I'slands through the Aleutian Islands, north to the Pribilef |slands (Sowls
et al. 1978) and east along the Gulf of Alaska coast to Prince WIliam
Sound, where the popul ati on appears tobe increasing (Kessel and G bson
1978). About 160, 000 pel agi ¢ (Phalocrocorax pelagicus) and red-faced
cornmorants are estimated to occur in the eastern Bering Sea. The
relative proportions of the two species have not been determned for
several colonies. Only red-faced cornmorants breed on the Pribilef |slands
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al though pelagic cornorants were reported fromthe area earlier in the
century. Bot h pel agi ¢ and doubl e-crested (Phalocrocorax auritas):
cornorants are relatively common at the Cape Peiree col onies (the former
at the Cape, the latter on Shaiak Island) and red-faced cormorants are
scarce.

In the Pribvilof |slands, the nests of red-faced cornorants are
scattered on the lower portions of cliffs (Huntet al. 1981b).  Hunt et
al . (1981e) recorded clutch sizes of two to three at several |ocations on
St. Paul Island. Broods of one to four were recorded in the western
Aleutians in 1974 (Trapp 1975).

AtSt. Paul Island from 1975-78, the nmean date of clutch initiation
ranged from 13-30 My, the mean date of hatch ranged from 21 June to 5
July, and the mean date of fledging ranged from 5-24 August. Breeding
phenology at Buldir |sland, 1974-76, was simlar to that recorded at St.

Paul . Red-faced cornorants are year-round residents at the Pribilof
Islands (Hunt et al. 1981b) and probably throughout most of their breeding
range.

On the Pribilef |slands, the average nunmber of young fledged per nest
attempt was 1.25; young fledged per successful nest (fledging at |east one
young) was 2.0. The primary cause of egg and chick |oss was desertion hy
the parents; reasons for nest desertion were unknown (Hunt et al. 1981b).
Nests left unattended by adults were heavily preyed upon by foxes on the
Pribilof |slands (Hunt 1978). Survivorship trends and age at first
breeding are not known, but the related double-crested cornorant generally
breeds at three years (Pal mer 19%).

Nesting cornorants feed near shore in shallow water, seldom nore than
a few km from their breeding colonies. Their feeding nethod is pursuit-
di ving (Ashmole 1971). Fish, nostly sculpins, are the primary prey, but
decapods (shrinp and crab) and amphipods are also eaten (Hunt et al.
1981 a).

Aukl et s

Par akeet (Cyclorrynchus psittacula), Crested (Aethia cristatella),
and | east (A, pusilla) auklets are COMDN seabirds of the eastern Bering

Sea. The |east auklet is the nost abundant, with an estimted popul ation
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of six mllion in the eastern Bering Sea. The crested auklet is often
found in association with the | east aukletin breeding colonies, but is
| ess abundant, withan estimated two mllion occurring in the eastern
Bering Sea. There are on the order of 300, 000-600,000 parakeet auklets
in the eastern Bering Sea (Sowls et al. 1978).

411 three species are simlar in many aspects of their behavior, food
habits and natural history. They all forage on crustacean zooplankton and
nest in crevices on talus slopes or rocky shorelines, often in m xed
speci es colonies, Because of these similarities, the natural histories of
these three species will be described together.

The breeding distributions of the least, crested and parakeet auklets
in the eastern Bering Sea are depicted in Figures 8 and 9. All three
species lay single-egg clutches and are believed to first breed at three
years of age (Scaly and Bedard 1973).

Least and crested auklets nest in crevices in talus formations
(either coastal slopes orupto 1 kminland), among boul ders on beaches,
in cavities in cliffs, or (in the Al eutians] in |ava rubble (Sealy 1968).
Searing (1977) found greater nunbers of |east auklets in areas of steep
sl opes, angular rocks and deep talus, whereas nunbers of crested auklets
were highest on slopes that faced the sea and had |arger boul ders. Scaly
(1968) and Knudtson and Byrd (1982) found that the talus slopes occupied
by crested auklets on St. Lawence and Buldir islands tended to have
larger boul ders and crevice openings than those occupied by |east auklets.

On St. Lawence Island, parakeet auklets are largely scarp-face
nesters (not talus nesters |ike the Aethia auklets), and when they do nest
in talus, it is primarily in grassy areas or turf-covered slopes (Bedard
1969a). On the Pribilof and Al euti an islands, parakeet auklets nest
beneath | arge boulders or cavities in cliffs (Scaly 1968).

Phonol ogi cal data for all three species at St. Lawence Island and
Buldir |sland are presented in Table3. The extent of snow cover on the
nesting grounds is thought to influence the timng of breeding (Sealy

1975).

Because nests are often deep in crevices, it is difficult to gather
data on reproductive success for these speeies. Scaly and Bedard (1973)
calculated the reproductive success of parakeet auklets at St. Lawence
I'sland to be0.52 young fledged per nest (n = 31). Hatching success was
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Table 3. Phenology of arrival and nesting on St. Lawence and Buldir isSlands for three species of
aukl ets occurring in the Bering Sea.

Arrival Arrival
Offshore M Cliffs Peak Laying Peak Hatching ~ _Peak Fledging
Least auklet ‘
St. Lawrencel 10 - 15 May 20 - 29 May 06 Jun - 02 Jul 22 Jul - 01 Aug 20 Aug - 01 Sep
Buldir2,Y Late April? 15 - 18 May 28 May - 06 Jun 30 Jun - 09 Jul 29 Jul - 12 Aug
Crested Aukl et
St. Lawrence? 13 - 18 May 18 - 29 May 24 Jun - 03 Jul 29 Jul - 11 Aug 03 Sep - 09 Sep
Buldir2,4 Late April? 15 - 18 May 28 May - 05 Jun 05 Jul - 12 Jul 29 Jul - 15 Aug
Par akeet aukl et
St. Lawrencel,3 04 - 13 May 19 - 24 May 21 Jun - 25 Jun 26 Jul - 30 Jul 29 Au% - 07 Sep
Buldir2,4 Late April? 15 - 18 May 02 Jun - 11 Jun 03 Jgul - 15 Jul 29 Jul - 15 Aug

1Searing 1977.

2g.,v. Byrd, usrws and R.H. Day, Univ. Alaska, unpublished data.
gScaIy and Bedard 1973.

Knudtson.and Byrd 1982.



68% and fledging success (n = 21) was 76$. Based on a small sanple size
(n = 16) of |east auklets, Searing (1977) estimted young fledged per nest
with eggs to be 0.34. On Buldir Island the same paraneter for crested
auklets was 0.43 (n = 9) and for least auklets .43 (n= 14) (Knudtson and
Byrd 1982). At St. Lawence Island in 1981 (D. G. Roseneau, pers. comm.
1982) ;seven of thirteen nests with newly hatched young of known fate
survived to fledging weight; if this survival (544) is taken as equival ent
to fledging subcess, then the estimate is close to SearingSs (1977) val ue
of 56% fledgi ng success for least auklets. At Buldir Island, all chick
mortality occurred within the first week of hatch (Knudtson and Byrd
1982). Young are able to fly quite well upon |eaving the nesting
erevices. They are able to dive al nost inmediately and appear to be
I ndependent of the adults. However, strong onshore w nds ean cause sea-
going chicks to be blown back onto land, resulting in some nortality
(Scaly 1968).

From May to Septenber, auklets are concentrated near their breeding
colonies. At the Pribilef |slands, Hunt et al. (198ta) found that crested
and least auklets usually foraged within 5 to 10 km of shore, whereas
parakeet auklets were observed foraging ‘several tens of kilometers from
the colonies. At St. Lawence Island, the auklets fromcol onies at
Nort hwest Cape and Southwest Cape often feed in an area 30-50 km (or nore)
north of Gambell; birds from Sout hwest Cape must travel at least 70 kmto
reach this feeding area (D.G. Roseneau, pers. comm, 1982).

Data are insufficient to describe the winter distribution of auklets.
Shuntov (1972) stated that nost small auklets | eave the Bering Sea in
fall, wintering along the Aleutian chain and inthe open North Pacific.
The water surrounding Kodiak Island is a known wintering area for crested
auklets (Could et al. 1982). Al three species occur around the Pribiloef
Islands in winter (Scaly 1968), but in small nunbers. Lar ge
concentrations of |east auklets have been seen in spring along the ice
edge north and east of the Pribiler Islands (Gould et al. 1982), and all
three species raft in dense flocks in |leads near St. Lawence Island
during the spring (Bedard 1967).

The aukl ets feed by diving (Ashmole 1971). Least and crested
auklets specialize in preying on zooplankton at noderate depths (Hunt et
al. 1981a). At the Pribiloef |slands, |east auklets prey primarily on
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calanoid copepods, W t h amphipeds conprising a relatively mnor portion of
the diet. Crested auklets take npostly euphausiids, With secondary
reliance on amphipods (Hunt et al. 1981d). Searing (1977) and Bedard
(1969b) arrived at simlar conclusions with respect to food habitsof
| east auklets; however, Searing's results indicated that crested auklets
were al most conpletely dependent on ealancids. These auklets tend to
maintain a nore varied diet in early sumer, but both species depend on
their respective favored prey during the chick-rearing period.

Par akeet auklets at both St. Lawence Island and the Pribilof |slands
are nore diverse than least and crested auklets in their feeding habits.
At the Pribilof |slands they fed on euphausiids, fish | arvae, polychaetes
and amphipods. Fish are less inportant in the diet at St. Lawence Island
than they are at the Pribilof |slands (Hunt et al. 198la).

The Bering Sea distribution of parakeet auklets differs from that of
the Aethia auklets in that parakeet auklets are found in a greater nunber
of locations (particularly in coastal waters along the mainland) but in
lower densities. Several authors have suggested that this distributional
difference is a reflection of differences in food dependencies--the
par akeet auklet depends on a nore varied and w dely distributed food
supply, which includes epibenthic i nvertebrates, than do the _fethia
auklets, which prey on patchily abundant zoopl ankton species (Bedard
1969b, Hunt et al. 1981d).

SUMVARY

The U S. Mnerals Management Service (MMS) desires to carry out a
programto nonitor popul ations of seabirds in the Bering Sea, and to
determne if any population changes that occur are caused by COCS petrol eum
devel opnent operations. It is desired that studies in the first year of
this program investigate seabird abundance, productivity and diet; conpare
new findings with findings of previous studies; discuss the significance

of popul ation trends observed; and develop strategies for future
moni tori ng.

MVE has selected the seabird colonies at Cape Peirece On the Alaska

mai nl and and at the Pribilof |slands for the initial investigations.

Several studies have been conducted at each location in the past, but the
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results of past studies are frequently not suitable for making inter-study
conpari sons.

Seabirds of 11 species are comon in the coloniesof interests, if
both sites are included. The Pribilof |sland col onies support a nore
di verse species assenbl age than does Cape Peiree. The species Potentially
amenabl e to monitoring studies include *black-1egged and red-1|egged
kittiwakes; thi ck-Dbilled and conmon murres; red-faced, pelagic and double-
crested cornorants; and parakeet, crested and |east auklets.

Bl ack- | egged kittiwakes nunber from 1-4 mllion in the eastern Bering
Sea in sumer and fall. They nest abundantly at both Cape Peiree and the
Pribilofs, varying greatly in reproductive success fromyear to year.
Non-breeders are widely dispersed in the Bering Sea in summer; nost nove
south in winter. They feed mainly on fish at or near the surface.

Red- | egged kittiwakes nest abundantly (88% of the world popul ation of
250, 000) at the Pribilefs, but not at all at Cape Peirece. Their breeding
success is highly variabl e annually, Feeding birds in summer concentrate
south and west of the Pribilofs; most move south in winter. They feed
mainly on fish at or near the surface.

About 5.3 mllion murres breed in the eastern Bering Sea; of the two
species, comon nurres predom nate at Cape Peirce and thick-billed nmurres
predom nate on the Pribilofs. Murres are long-lived, S| ow reproduci ng
birds with less annual variability in breeding success than the
kittiwakes., In sumrer nost concentrate to feed near the colonies; nost
also Wi nter in the Bering Sea. Both species eat mainly fish; conmmon
murres depend | argely on nearshore md-water fishes and thick-billed
nurres USe demersal fishes in deeper waters.

O the cormorant species, the red-faced cormorant is the only one
nesting at the Pribilofs, and the pelagic cornorant is domnant at Cape
Peirce. Red-faced cornmorants are year-round residents at the Pribilofs.
Al the cormorant species feed largely on fish, which they catch by diving
in waters near their breeding colonies.

The three auklet species are extremely abundant breeders in the
eastern Bering Sea, with estinmated populations of emllion (Ieast
auklet), 2 mllion (crested auklet) and around 0.5 mllion (parakeet
auklet). All are long-lived and reproduce slowy, but data on
reproduction are difficult to gather because many nest deep in crevices.
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Most individuals of all species concentrate near their breeding colonies
from May-to Septenmber, but nmove out of the Bering Sea in winter. Least
and crested auklets dive to noderate depths to prey on zoopl ankt on.
Parakeet auklets feed at varying depths and on a greater variety of prey
than do the other two species.
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| NTRODUCT! ON

The objective of a population nonitoring programis to document
popul ation levels over tine. The experinmental design of a nmonitoring
program shoul d be such that it mnimzes (1) the sanpling effort required
and (2) the magnitude of change (or difference) among popul ations required
to detect changes. One of our goals in this study was to use a variety of
techni ques for sanpling and anal yzing seabird popul ations at colonies in
order to explore possible inprovenents in seabird popul ati on monitoring
strategies. Limts on our experimentation were established by. the need to
mai ntain conmparability of our results with those of prior investigations
at the study col onies.

The principal parameters of concern in this monitoring study are
popul ation size and trend, i.e., (1) how many individuals are present, and
(2) is the population grow ng, stable, or shrinking? A though closely
related, size and trend are distinct parameters that should be estinated
i ndependent | y. In the context of a nonitoring program per se the
estinmation of trend, or change over time, is of greatest interest.
Measurement of trend in popul ations does not necessarily require know edge
of the actual population size, and may be considerably easier to estimte.
However, know edge of population size as well as absolute estimtes of the
magni tude of change (as opposed to trend information only) may both be O

consi derabl e value to resource nanagers.
In this report, we describe the procedures and results of popul ation

monitoring studies conducted in seabird colonies at Cape Peirce and the
Pribilof |slands. The objectives of these studies were to

(1) document trends in seabird popul ations,
(2) estimte seabird population sizes, and
(3) i nprove nethodol ogi es for deriving estimtes necessary for

the first two objectives.

Sanpl e Design Considerations

Trend in the sizes of the popul ations of seabird species breeding at
a colony is-the usual measurenent of interest when nmonitoring the health

41



of the populations. Rapid changes in popul ation sizes of adults and
subadul ts m ght occur because of catastrophic events such as oil spills in
areas where birds congregate on the water. Monitoring of bird nunbers
shoul d be able to detect |arge changes caused by such events.

Though catastrophic changes in colony size can be detected fairly
easily, slower, steady changes often are nore difficult to detect. Such
changes may result if environnental perturbations affect productivity or
survival rates of a popul ation. Many seabirds are long-lived and it may
take many years for changes in the productivity of populations to cause
appreci abl e changes in colony size. Because of the need to detect these
nore subtle changes, it is inportant that estimates of population size be
as statistically precise as possible.

Hickey and Crai ghead (1977), the nost detailed seabird popul ation
estimation study available for the Pribilofs, estimated the 95% confidence
interval for the comon seabirds at the colonies to be +50% of their
popul ation estimtes. Craighead and Oppenheim (1982) revised this
precision to + 36%  Unless the precision of these estinmates can be
inproved significantly, it will not be possible to show that any but
catastrophi ¢ changes in colony size have occurred.

Many met hods have been described for estimating popul ation sizes of
seabirds to nonitor for population changes. Sone attenpts have heen made
to standardi ze census techniques (e.g., Birkhead and Nettleship 1980,
Harris et al.1983, Nettl eshi p 1976), however, nost field investigators
adopt their own nethods, perhaps because of variations anong studies in
| ogi stics support, time constraints, population paraneters of interest, or
differences anong investigators in their appreciation for the statistical
limtations of the various approaches. Thus, in terns of designing a
moni toring study one must leok very carefully at historical (existing)
studies to determne the utility of these data in tracking the paraneters
of interest.

One of the major confounding factors in attenpts to estimte
popul ation sizes at colonies is the variability in colony attendance that
occurs independently of variations in size of nesting popul ations.
Reported causes of this variability include seasonal trends and diurna
cycles in attendance, tidal cycles, and weather-induced variations (Slator
1979, Harris et al. 1983, Gaston and Nettleship 1982). Large, unexpl ai ned,
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short-term changes in attendance (e. g., 1large differences in counts
between days at the sanme site) have been observed to occur, without
apparent cause. It is inportant to recognize this variability, because
its occurrence invalidates many attenpts to test for changesin Size of
breedi ng popul ations.

To test for differences among sanples, or in a sanpled popul ation
over time, it is necessary that the anong-sanple variability be nuch
| arger than the neasurement error associated with each sanple (i.e., the
precision of the neasurenment being taken). |f a point-in-tine countis
being used to represent the number of birds occupying a cliff face for a
particular year, then this error termincludes errors in counting
(probably trivial) and tenporal variability in seabird attendance over the
portion of breeding season when the population of interest is assuned to
be present.  The l|argest measurement errors are caused by the. variability,
in bird attendance at study plots. In many studies this error is ignored.
This is acceptable only if the magnitude of this error is known to be
small. Unfortunately,we know that attendance patterns of seabirds at
breeding colonies is quite variable, and that corrective measures, such as
standarization of time of day and season when the count is made, cannot
conpletely elimnate or reduce this conmponent of variability to an
acceptabl e |evel

Several replicates of counts of birds on study plots are required to
assess the magnitude of measurenent error.  Such replication has rarely
been a conponent of Al askan seabird popul ation studies. An alternative
approach for dealing with neasurenent error is to use a very large nunber
of sanmple plots, assumng that errors will not all tend to be in the same
direction over a significant number of plots. This approach may require a
| arge nunber of study plots in order to detect small population changes--a
requi rement unavailable at a great many colonies (e.g., access problens
may limt the nunber of plots that can be sanpled). Further, the
assunption that errors will tend in the same direction may not be valid.
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Field Methods
Ter m nol ogy

The primary sanple unit for the population study is the sanple plot.
Plots are defined regions of cliffs within which seabirds were enunerated.
Qur study plot is equivalent to the “ledge” of Hickey and Craighead(1977)
and the ‘colony” of Petersen and sigman (1977). Plot boundaries were
delimted on photographs by the original investigators. These photographs
were loaned to us to aid in locating the same sanple units. usually plots
were unanbi guously defined in that a discrete area of cliff was selected
for counting birds. In nost cases the count area was surrounded by
uni nhabi ted or uninhabitable areas so that decisions as to inclusionof
individual birds were unnecessary. Plots were selected based on their
accessibility and the availability of reasonable vantage points. These
units cannot be considered as random samples, although we have to assume
they are representative of the colonies they sanple.

Plots were frequently divided into subplots. Qur subplots correspond
to divisions of plots used by some previous investigators and could be
used in nore detailed analyses of changes in distribution of birds within
plots

Wthin each plot (or subplot) birds were counted by ‘clusters’(=
aggregation counting). Custers are defined as aggregations of birds
separated fromall other conspecifies by at |east two bird | engths or an
i ndi vidual of another species.

Two units larger than plots--colony and strata--were recognized. The
col ony enconpasses all study plots and other portions of cliffs occupied
by seabirds at a study |ocation. For this study the colonies are Cape
Peirce, St.”CGeorge Island, and St. Paul Island. The two Pribilef |sland
colonies were partitioned into strata based on cliff height using the
met hod described by Hickey and Crai ghead (1976). h total of five strata

were defined as follows:

Stratum 1 0- 200 ft 0-61 m
Stratum 2 200- 400 ft 61-122 m
Stratum 3 400- 600 ft 122-183 m
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Stratum 4 600- 800 ft 183-244 m
Stratum5 800- 1000 ft >244 m

Plots within these colonies were assigned to strata for the purpose of
popul ati on estimation. All five strata oceur on St. George Island; only

Strata 1 and 2 oceur on St. Paul, Only stratum 1 cccurs at Cape Peirce.

Counts of seabirds were nmade at study plots used during previous
i nvestigations at the Pribiler |slands and Cape Peirce. The approximate
| ocations of study plots are shown in Figures 1 and 2. The dates of
sanpling are summarized in Appendix 1. Counts were nade at approximtely
the same tine of day as during previous studies (afternoon-evening);
al  owances were made for changes in time zones used in setting "ocal
time".

During each census of a study plot, birds were counted by clusters.
The result of a census was a frequency distribution of the nunber of
occurrences of each cluster size. This technique provided both a count of
the total number of birds present, and an index of their aggregation.
When possible, for each cluster the nunber of nests with eggs, chicks,
and/or birds in incubation postures (kittiwakes) were recorded. Platforms
without eggs, chicks, or ‘incubating” birds were not enumerated.

W attenpted to sanple each plot two to five times. Because the
census periods were spread over a considerable period of tine (e.g. eight
weeks on St. George Island) all visits may not be considered replicates
because attendance patterns of several species varied over the course of
the study (e.g., auklets fledged before the study finished).

Ti me-| apse cameras were used to obtain a nmore detailed record of

attendance patterns over the course of the study (Appendix 2 describes
equi pnent and sample | ocations). Two caneras were used at Cape Peiree and

four to six on St. George Island. These cameras photographed portions of
the seabird colonies once per hour. Later, the filmwas devel oped and
phot ogr aphi ¢ i nages were projected onto a digitizing platten and the

| ocation of each bird was recorded for each hour record. Additional
information recorded fromthese photos included the presence of eggs,
chicks, and nests (kittiwakes). MdSt of this film has been archived at
L& Ecol ogi cal Research Associates, Inc. (address on front cover).
Detail ed anal ysis of three camera ilocations--DUH at Cape Peirce; High
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Figure 1. Locations of study plots at Cape Peirce, Alaska. Qur designa-
tions 1-13correspond to plot identifiers used in tables. Plot

identifiers in parentheses are designators used by previous
investigators--nunbers by Petersen and sigman (1977), alpha
values by D. Lloyd (unpublished).
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Bluff 1 and 2, and Zapadni at St. Ceorge Island--are described in this

report.
The popul ation studies conprised four independent series of

i nvestigations. These were (1) the assessnment of diurnal trends in
attendance, (2) seasonal trends in abundance, (3) anobng-year trends in
abundance, and (4) estimation of population size. Mthods, results and
prelimnary discussions of these topics are addressed separately in the
following pages. This is followed by a concluding discussion and sunmary.

ASSESSMENT OF POPULATI ON TRENDS
Diurnal Patterns in Colony Attendance
Met hods

Diurnal patterns in seabird attendance were studied using two
nethods. At Cape Peirce a24%-hour watch (counts at I-hr intervals) was
made at several nesting plots on 7 June. The nost conplete docunentation
was obtained by analysis of the tinme-lapse canera record. Two types of
anal yses of the time-lapse data were done. Countsof each species were
enumerated by hour. Correlations of counts ateach hour were nade with
counts 1 through 36 hours l|ater (autocorrelation) to determne if there
was any periodieity in the occurrence of seabirds on the cliffs. A
diurnal or 24-hour cycle is revealed in this type of analysis by high
correlation at 24-hour 1lags, i.e., high or |ow counts are at 24-hour
intervals. Counts were also conpiled as to the actual hour of the day to
produce hourly abundance summaries for each hour of the day. These
sunmaries were of nean & 2 standard errors of the nunber of birds recorded
in the study area. These summaries reveal the timng of peak attendance
and the variability of counts at the sane tinme each day. The photo record
for each sanple location was segmented into periods roughly corresponding
to each roll of film(4-10 days). The two types of analyses described
above were done for each period. Analysis by period had two functions;
first it allowed us to investigate whether diurnal cycles persisted
t hroughout the breeding season. Second, changing filmoften resulted in a
slight change in photo boundaries and potentially the nunber of birds
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visible for counting. Byanalyzing each roll separately this potential
bias was elim nated.

Anal ysis was restricted to those periods where the photo record was
conpl ete enough so that a reasonable sunmary was possible. In |ocations
where fog or other factors resulted in an intermttent record, sone
periods could not be neaningfully analyzed. If a good hourly summary was
avai |l abl e, the hourly counts were anal yzed using Kruskal-Wallis non-
paranetric 'ANOVA' to determine if significant differences existed anong

counts of each hour.

Resul ts

Cape Pejrce.

Pelagic cormorant--Pelagic cornorants occurred on four plots where
24-hour wat ches were conducted at Cape Peiree. At two |ocations, BEAS and
VERT-S, occurrence was limted to sporadic appearance of only one bird.
The remaining plots, BKAN and VERT, had 4-10 cormorants regularly present.

Attendance counts are shown in Figure 3. Qualitative evaluation of
these patterns revealed no diurnal attendance schedule for cornorants.
They were present at all times (i.e., when light was sufficient to permt
censuring), and although no regular attendance trend was apparent, the
hour to hour variability was substantial.

Bl ack-1egged kittiwake-- Bl ack-|egged kittiwakes were present on five

of the plots nonitored hourly for 24 hours on 6-7 June at Cape Peirce.
Plots of their attendance patterns are illustrated in Figure 3. Black-
legged kittiwake nunbers were quite stable during nost of the day.
Between 0600 and 2300, counts showed relatively little variability and no
consistent or cyclical trends were evident. Although no counts were
possi bl e between 0100 and 0400, the counts inmmediately before and after
this period indicate that nmost kittiwakes were absent during the dark
hours, at |east at this early breedi ng season date (pre-incubation for

many birds).
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Figure 3. Diurnal attendance of pelagic cornorants at four popul ation

plots, Cape Peirce, Aaska (TOP) ; and black-legged kittiwake
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Common _gurpe- - Conmdn murre attendance was studied for 24 continuous
hours on three plots at Cape Peirce. Comnmon murres were present on the
plots for only a portionof the daylight hours (Fig. 4). First arrival
occurred between 0500-0600 and the 1ast departures occurred between 1600-
1900 hours. During the portion of the day that the murres were on the
plots, two types of attendance patterns could be discerned. The plots
with small numbers of attending birds (< 40) had relatively stable nunbers
of birds between 0600 and 1500 hours. The single plot w th nunerous
murres (VERT) exhi bited marked fluctuations in attendance with no obvious
pattern (Fig. 4).

A detailed analysis of comon nurre attendance was provided from the
time-lapse study at DUH plot. Trends in attendance patterns were anal yzed
for two periods: 7-16 June (Period 1), and 10-17 July (Period 3).
Correlegrams for'each period are shown in Figure5. The variability in
attendance for each hour within these periods is sunmarized in Figure 6.

The correlegrams Show a pronounced 24 hour cyele early in the season
((7-16 June, Period 1) but that this isabsent 3 npnth later. The hourly
count sunmaries show a simlar seasonal shift. In June a regular cycle is
evident with |ow counts of conmmon murres in the early norning and a peak
attendance around noon. Testing for differences in nmedian count anmong
hours yielded a highly significant statistic (p<0.001). In July the mean
counts were relatively uniform throughout the day (not significantly
different), ho;wever, no counts were possible very early in the morning
(00-03) because of darkness.

An interesting feature of these graphs is that the variability of
counts at each hour is inversely related to the nean count; i.e., the
| ower the count the higher the variability. This trend is opposite to the
nore conmon pattern of increasing variances with |arger neans.

In terns of censusing murres, the inplication of the results are that
sone standardization of count times would be required for studies done
early in the season, but timng restrictions could be relaxed by m d-

season. A suitable period for early season counts, based on simlar mean
counts and small, overlapping confidence intervals, would be 12:00-18:00.
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Figure 4. Diurnal attendance of conmon murres on three popul ation plots
at Cape Peirce, Al aska, 1984.
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HOURLY ABUNDANCE SUMMARIES
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Horned puffin--Horned puffin attendance at study plots at Cape Peirce
during the 24-hour counts is shown in Figure 7. Horned puffins occurred
in such low nunbers that few generalizations can be nade. This species

was recorded only during afternoon and evening.

St. George Isl and (Pribilof lslands), Qur investigation of diurnal
patterns of seabird attendance on the Pribilof |slands were made using

time-lapse cameras at two locations on St. George Island: H gh Blurf and
Zapadni (popul ation plot #25).

Northern fulmar--Northern fulmars Were present in low numbers on one
of the camera plots, Zapadni. Autocorrelation anal yses were done for
three sanple periods and the resultant correlegrams are shown in Figure 8.
In the first period (23-27 June) fulmar counts were positively correlated
at all lag intervals indicating that the nunmber of birds present was
relatively constant and noncyclical.

This is confirnmed by the actual counts-by-hour data shown in Figure
9. Note that the nunber of fulmars present averaged about two birds.
Therefore, few inferences should be made from these data. Autocorrelation
anal yses of sanple Periods 2 and 4 resulted in no evidence of a diurnal
pattern (period 2) and perhaps a weak cycle during Period 4.

The count data (Fig. 9) show sinmilar trends. During Periods 1-3 the
nmean hourly counts are either relatively constant (1 and 2) or erratic
(3). However, during Period 4 the counts trend in an upward direction for
0900 through 2000 then start downward for 2 hours. Unfortunately fog and
darkness precluded coverage during the remminder of the day.

Anal ysis for among-hour simlarities in median abundance for Periods
tand 2 resulted in failure to reject the hypotheses of simlar counts
during all hours (Kruskal Wallis Test, Period 1, H=5.05, df=13, p=0.97;
period2, H=11.92, df=10, p=0.29).

Red-legged kittiwake--Red-1egged kittiwake cliff attendance was
nonitored by the H gh Biuff canera. Unfortunately persistent fog greatly

reduced the nunber of usable frames resulting fromthis effort. The
results are therefore largely qualitative. None of the correlegrams (Fig.
10) indicate the presence of a diurnal pattern; however, early morning
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Figure 7. Diurnal attendance of horned puffins at two study plots at
Cape Peirce, Al aska.
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data were linmited. The hourly count summaries for the first and |ast
periods suggest that morning counts may be low relative to those late in
the day (Fig. 11).

Thick-billed muprre--Thick-billed nurres were present at both St.

George canmera |ocations, however, the record available for Hgh Bluff is
very poor (intermttent coverage due to fog) in conparison to Zapadni and
only the latter is presented here. The autccorrelation anal yses (Fig. 12)
show that in period one (late June) a diurnal attendance cycle occurred,
but that this was quite weak by period 2 (early July) and absent during
Period 4 (md-July).

The hourly attendance summaries (Fig. 13) also show the dimnution of
cyclical trends in attendance. Peak attendance of thick-billed murres
appear to occur in early morning (at or before 0700). Counts di m nished
thereafter until approxi mately noon when they 1eveled out for the
remai nder of the day.

Parakeet a --Parakeet auklets were present at the Zapadni canera
| ocation. Autocorrelations for the first two sanmple periods are shown in
Figure 14. During Period 1 sone periodicity was definitely present. A
24-hour correlation is evident but some shorter period trends may also be
present. Periodic trends were |ess pronounced during the second tine
period but slight indication of a 24-hour trend is still present.

The hourly count summaries (Fig. 15) show that peak nunbers of
par akeet auklets were present in md-afternoon (1400-1600). The
i ndistinct autocorrelations were probably because of the high variability
in counts at nost hours.

Oested auklet--Crested auklets were present at Zapadni but in such
| ow numbers (maxi num of four in the photographic record) that detailed
anal ysis of attendance patterns is unwarranted. They exhibited a tendency
toward a 24-hour cycle with peak nunbers (or nmost regular occurrence) in
m d-af t er noon.

Least auklet--Diurnal periodicity in |east auklet colony attendance
was studied using two nmethods. Tine-lapse techniques were used at Zapadni
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ESTIMATED FWOCORRELRTI ON FUNCTI ON
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where |east auklets were of rare but regular occurrence. An independent
survey, albeit only for one day, was made of auklets associated with the
Ulaikaia Ri dge col ony.

Results of autocorrelation analyses Of attendance Pattern at Zapadni
are shown in Figure 16 for sanple Periods 1 and 2. During Period 1 very
little evidence of any patterns could be found; however, a24 hour
pattern was evident in Period 2. The hourly count summaries in Figure 17
reveal that |east auklets peaked in abundance during the afternoon
(simlar to the other auklets) but that the counts were quite variable.

Flights of | east auklets passing over the St. George Airstrip enrcute
to the Ulaikaia col ony were observedon7 July between 1050 and 0030 (8
July).  Flock sizes were estimated and tallied for every 10-mn interva
in this tinme range. The census point varied in space during the course of
the day as the flight corridor of the auklets shifted. Results of the
counts are illustrated in Figure 18. The distribution of the counts was
bimodal Wi th abroad peak during md-day, a late evening mninum anda
sharp peak prior to nightfall

The results of our counts are conmpared with thoseof Craighead and
Oppenheim (1982) in Figure 18. The 1982 counts were nmde approxi mately
three weeks later in the sumer (31 July) than our counts. The two sets
of counts are quite simlar in pattern, although the 1984 distribution
appears to be nore peaked and to have a slight phase-shift towards earlier
tinmes of day.

Horned puffin--Correlegrams Of horned puffin attendance at Zapadn
for Periods 1 and 2 are shown in Figure 19. During both these periods
horned puffins appear to have had a diurnal (24 hr) period in their
attendance patterns. The hourly count summaries (Fig. 20) show that
counts of puffins on the cliffs increased throughout the day, peaking just
before dark.

Tufted puffin--Tufted puffin were regularly recorded at zapadni but
rarely nore than three birds. Only in Period 1 was the species present
before noon, thereafter birds were seen until dark in all periods. The
paucity of observations does not warrant nore detailed anal yses.
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Figure 16. Correlegrams for |east auklets on St. George |sland.

67



Figure 17.

COUNT

COUNT

COUNT

HOURLY ABUNDANCE SUMMARIES
Spec , es:lLeast Auk tet Locatian: 4 Sample Period:

32.4
24.3
18,4
S.
11
e &
gagit
8.08 ee eces T B Teo@ 2300
Spacies: Least Auklat Location: 4 Sample Period: 2
4.5¢ 3
B
%
b
3.40
227}
1.13¢
a.e 2609 1208 108 2380 -
Species: Loast Ruklet Locatton: 4 Sample Period: 3
2.10
3
188
1.8
.53
822" opes v&eR 12e8 1609 238@
TIME OF DAY

Hourly count summaries for |east auklets on St. George
(mean + 2 se.; sanple size above se. bar).

68

| sl and



8000 ~

T

«+ 7000 -
6000

!

o 5000

M 4000

N 3000

2000 A

1000

1" 13

B i984 1982

SR N

j §: h ;zl U
1 1333 ‘.%3 S ’.‘55:1 131 ¢l i{ EaIN 5 A
15 17 19 21 23 01
TIME (ABT)

Figure 18. “A conparison of 10-m nute counts Of least auklets flying into
the Ulaikaia Ridge colony, St. CGeorge Island, Al aska, 1982

and 1984.

69



1.00

.50

a.e9

ESTIMATED FIUTOCORRELRTION FUNCTION
Species: Horned Puffin Location: 4 Sample Period: 1

CORRELRTION

-.s0}

1.00

.50

6 12 18 24 30

Species: Horned Puffin Location: 4 Sample Period: 2

CORRELATION
o
o
o

-.50}

-1.00

Figure 19.

LRG(HOURS)

Correlegrams foOr horned puffins on St. George Island.

70



87

CouNT
g
H

COUNT
&
F]

HOURLY ABUNDANCE SUMHARIES
Specios: Horned Puffin L.s.tie”, 4  Sampls Per tods 1

TINE OF DAY

HOURLY ABUNDANCE SUMHARIES

Speciess Horned Puffin  Locotiont ¢  Sample Per tadt 3

000 L

Figure 20.

TINE OF DAY

COUNT

COUNT

16,73,

HOURLY REBUNDRNCE SUMMARIES
#olaps Horned Puffin  Lacas tons *

Samgle Per tad; 2

2.0

L8

bty How 2380
HOURLY ABUNDANCE SUMMARIES
. Spec 1ass Hornad Puffin Location: ¢ Sample Pertod: 4
4an
1.0
3
3
.99 |
3

a.08

Hourly count sunmaries for horned puffins at Zapadni on St.
George Island (nmean_+ 2 se.; sanple size above s.e. bar).

1



D scussi on

As a final sunmmary of trends in diurnal attendance patterns, two sets
of cross-correlation analyses were conpleted, one each for Periods 1 and
2 at Zapadni-St. George Island. These correlations are simlar to the
autocorrelations except that counts of species A are conpared to counts of
species B (at various time lags) rather than to itself. The purpose of
the analyses is to document phase shifts in attendance patterns anong
species, or alternatively, which species have simlar attendance patterns.
The results are shown in Figures 21 and 22.

A high correlation at lag O represents species that have simlar
attendance patterns. This attribute is shared by few species; the three
aukl ets have simlar patterns but none of the remaining species do.

The species of greatest concern to our sanmpling program are the non-
cavity, cliff-nesting species, i.e., those birds whose appearance on
cliffs is nost closely indicative of breeding birds. Two of these species
were present in sufficient nunbers at Zzapadni for analysis and
conparisons namely thick-billed nurres and northern fulmars. During
Period 1, these two species were about 8-12 hours out of phase in the
attendance patterns; however, in Period 2 no pattern was discernible.
This parallels the general loss of diurnal cycles nentioned earlier.

The topic of diurnal patterns in seabird attendance patterns is of
great inportance to popul ation studies because the exi stence of periodic
patterns in attendance can greatly affect the nunber of birds present on
study plots and influence analyses by producing spurious trends or
obscuring actual popul ation changes.

The anal yses presented above document the |evel of occurrence and
persistence of cycles for many species. Certainly these data could be
anal yzed in nuch greater detail to explore additional facets of seabird
bi ol ogy; however, the follow ng generalities relevant to nmonitoring
popul ation trends can be made:

(1) Most species have pronounced diurnal cycles early in the
breeding season.
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(2) For nost species (all the non-e avity, cliff-nesting
speci es studied], these diurnal trends quickly di m nish so
that during the mddle portion of the nesting season (nost
of incubation) diurnal patterns are mnor during nmost of
t he day.

(3) Diurnal patterns are nonsynchronized anbng most Speci es.
This necessitates that if the time of counts are to be
standar di zed the seleection shoul d be based on a species-

specific criterion.

Variation in Attendance Patterns Among Sample Periods -
Seasonal Trends in Abundance

Met hods

Count sof birds on the study plots were conmpared over the breeding
season to look for relationships between the date of census (intervals of
three days to one week) and the abundance of birds on the plots. Sone
differences woul d be expected, for exanple, |east auklets Started fledging
in late July, consequently the nunber of auklets present in the col ony
woul d be expected to correspondingly decline through August. In cases
where no differences in counts anong sanple periods were found, it would
be legitimate to treat censuses as replicate counts for anong-year
conpari sons.

There were five sanple periods at St. George and Cape Peiree and, two
on St. Paul (Table 1). The five periods on St. George and the two periods
on St. Paul represent relatively discrete blocks of time, and testing for
anong-period differences was required in order to determne which periods
represent replicates and which are influenced by seasonal variations in
attendance patterns. The five periods at Cape Peirce conprise two
discrete blocks of dates (June and July) with three and two replicates

each.

I n summarizing the study plot counts, the follow ng points should be
considered. On St. George and St. Paul islands, coverage of most plots
was intermttent, i.e., very few plots were sanpled during all sanple
periods. In particular, plets in the higher strata (3-5) were irregularly
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Table 1. Summary of sanple periods for seabird popul ation plot
censuses.

St. George |Sland

Period 1 24 -29 Juns
Period 2 2-11dly
Period 3 22 July
Period 4 26 - 31 July
Period 5 11- 1S August

St. Paul island

Period 1 13- 16 July
Period 2 4-8 August

Cape Psirce

Periad 1 9- 13 June
Pariod 2 {4- 16 June
Period 3 17- 19 June

Period 4 10 - 12 July
Period 5 13- 15 July
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censused because of fog. The results of all counts are given in
Appendi ces (Appendix 3 ~ Cape Peirce, Appendix 4 . 8St. George, and
Appendi x 6 - St. Paul). For the purpose of these anal yses a reduced
matrix of the most conplete plot-by-period coverage was used to ensure a
standard sanple area when testing for anong-period differences in
abundance (Friedman test). An exanple of the reduced plot matrix is shown
for thick-billed murre in Table 2. If significant differences anong
sample periods were found, then nultiple conparisons using the Bonferroni
procedure (overall of 0.05) were used to help isolate periods of
great est deviation. The Cape Peirce results were conplete and no special

consi derations are necessary.
Resul ts

Cape Peirce.

Pelagic cormorant--Counts of pelagic cornorants on the Cape Peirce
study plots are shown in Appendix 3. These counts exhibit a noderate

amount of variability anong periods, and show a small decrease in nunbers
in July (Periods 4 and 5) relative to June (Periods 1=3). These
differences are not significant (Friedman T=9.48, df=4, p>0.05). A
consi derable anount of w thin-nonth (anmong-replicate) variability is
evident as well.

Glaucous-winged gull--Cccurrences of glaucous-w nged gulls on study

plots at Cape Peirce are sunmarized in Appendix 3. @ aucous-winged gulls
were infrequent throughout the breeding season and were essentially absent

until md-June.

Bl ack-1e~ed kittiwaske--A very marked trend is apparent for counts
for Cape Peirce (Appendix 3). These counts show a very substantial (>76%

* decrease in numbers of black-1egged kittiwakes over Periods 1-4 with a
slight recovery in Period 5 Periods 1-3 were within a 10-day interval in
m d-June; during this interval kittiwake abundance decreased by
approxi mtely a third. Counts among periods vary quite significantly
(Friedman T=26.5%, df=4, p< 0.001). This marked tenporal variability in
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Table 2. Trends in the seasonal abundance of thick-billed
nurres recorded during plot censuses on St. Ceorge
Island, Al aska.

STRATUM ¢

PLOT PERIOD 1§ PER D 2 PERIOD 4 PERIOD 5
8 220 186 210 233
9 259 308 227 370
10 340 286 314 373
11 62 82 105 97
12 123 34 151 179
13 96 98 125 111
14 87 162 120 130
15 88 107 111 124
16 143 1 107 131
17 124 102 119 118
18 54 82 68 91
19 132 98 1t 131
20 27 44 31 44
24 192 461 504 342
46 193 158 241 268
47 140 93 117 99
48 184 148 296 291
49 17 6 8 9
51 77 40 79 a0
52 67 61 80 61
53 74 93 111 127
61 175 395 288 480
62 49 64 137 136

Subtotal 2923 3274 3660 1031

STRATUM 2
21 22 94 73 84
22 45 121 120 156
23 85 246 205 246
24 330 646 463 830
25 215 496 534 539

Subtotal 697 1603 1395 1855

TOTAL 3620 4877 5055 5886
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attendance indicates considerable dynamcs in kittiwake attendance and may
preclude the use of counts made even only a few days apart as replicates.

Common murre--Counts from Cape Peirce appear in Appendix 3. The
counts of common murres differ significantly anong sanple periods
(Friedman T=12.24, df=4, p< 0.025). The July counts (Periods 4 and 5)
appear to be considerably (20% less than those for June (Periods 1-3).

Rigeon guillemot--This Speci es was encountered infrequently at Cape
Peirce. The only record of guillemdts on the study plots was of two birds

on Plot 3 during sanple Period 5.

Horned puffin--Among-period variability was extreme in counts from
Cape Peirce (Appendi x 3) although plots contained very few birds.
Significant among-period variability was not detected using the Friedman
Test (T=6.31, df=4, p>0.01).

Tufted puffin--Tufted puffins occurred too infrequently on study
plots at Cape Peirce t0 assess seasonal patterns in attendance. The count
data by plot appear in Appendix 3.

St. George Island (Pribilof Islands).

Northern fulmar--Counts Of northern fulmars on all plots during all
census periods on St. George Island are summarized in Appendix 4. This
species was recorded in all strata except Stratum 4. Analysis of these
data suggest that fulmar nunbers varied significantly over the course of
the summer (Friedman T=33.12, df=3, p<0.001). Multiple conparisons
(Bonferroni procedure) reveal that counts are relatively stable during
late June and July (Periods 1-4) but that substantially increased numbers
are present in August. Counts in Stratum 2 appeared to be nore stable

than those in Stratum 1.

Red-faced cormorant--Results of all counts of red-faced cornorants on .
St. George Island can be found in Appendix 4 (nest data are summarized in
Appendix 5). This species was recorded in only the two |owest strata.
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The count data show that red-faced cornorants were rather sparsely
distributed on our study plots. The Friedman analysis did not reject the
hypothesis of simlar attendance during all sample periods (T=2.49, df=3,

p>0.5).

Black-legged kittiwake--Al|l counts of bl ack-legged kittiwakes on
study plots at St. CGeorge Island are shown in Appendix 4 (nest data are

summarized in Appendix 5). This species occurred in plots in all strata
These counts denonstrate considerable variability. The early July count
(Period 2) was markedly |ower than those of late June (Period 1). Counts
in Period 4 (late July) were approximtely double those of early July and
nunmbers increased somewhat again by md-August. The small sanple of Plots
censused during Period 3 (see Appendix 4) show that black-|egged kittiwake
nunbers were intermediate between those counted in Periods 2 and 4. The
nunber of bhirds on Plots 45-53 increased steadily for Periods 2-5 in the
fol | owing sequence: 137, 195, 250, 279. Thus it appears that kittiwake
numbers were relatively high in late June, dropped markedly in early July,
then increased during the remainder of the study. These interpretations
are based largely on results from Stratum 1.  The few counts for Stratum 2
do not show this pattern as clearly.

The Friedman anal yses confirmthe qualitative observation made above
(counts differed significantly among periods, T=20.78, df=3, p<0.00 1).
Mul tiple conparisons identified Periods 1 and 2; and 1, 4, and 5 as
relatively homogeneous groups.

Red-legged kittiwake--A conplete summary of countsof red-|egged
kittiwakes on St. George Island study plots is provided in Appendix 4

(nest data are summarized in Appendix 5). This species was found in ali
five strata. Note that plots in Strata 3, 4, and 5 where this species
reaches its peak abundance, are not included in the Friedman anal yses
-. because none of these plots could be sanpled during the initial portion of
the breeding season. Red-|egged kittiwakes appear to have increased
steadily each sample period. However, this trend was not significant

(Friedman T=4.80, df=3, p>0.1).
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Common murre--A conplete record of counts of conmmon murres on St,
George Island study plots is provided in Appendix 4. Conmon murres were
recorded on plots in all strata except Stratum 3. These data show that
t he nunmber of common murres in attendance at the study plots increased
steadily during the summer and nore than doubl ed between June and August.
Friedman analysis of these results support the observation that counts
vary significantly over sanple periods (T=9.72, df=3, p<0.025). However,
the Bonferroni multiple conparisons did not segregate any subgroups of
honogeneous peri ods.

Thick-billed murre--A conplete summary of countsof thick-billed
murres recorded on study plots on St. George Island is provided in
Appendix 4. This species was found in all five strata. These data show
that thick-billed murres i ncreased in abundance with each sample peri od.
August (Period 5) counts averaged approximately 50% greater than the
initial late June counts (Period 1). The Friedman results confirmthe
het erogeneity in counts anong sanple periods (T=18.30, df=3, p<0.001).
Mil tiple conparisons segregate two subgroups, |ow counts during Periods 1-
4 and high counts in Periods 4 and 5 (note that period 4 was intermediate

and could be classified with either group).

Par akeet auklet--A conplete record of parakeet auklets counted during
plot censuses on St. George is provided as Appendix 4. Two prom nent
features are evident in the trends in seasonal abundance of this species.
First, the marked increase in auklet nunbers between Periods 1 and 2;
this is an artifact of our sanple schedule. A nost all of the difference
is due to a single plot (61), which was sanpled in the evening during
Period 1 after nost auklets had departed. Second, auklet nunbers dropped
markedly during the second half of the study; they were virtually absent
by August.

The significance of these observations wereverified by the Friedman

anal yses which indicate anmong-period variability (T=27.78, df=3, p<0.001).
Three overl appi ng subgroups of periods were identified using nultiple
comparisons. Low counts during |ate season (Periods 4 and 5), high counts
during early season (Periods 1 and 2). These two groups were bridged by a
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nonsi gnificant difference between the two intermediate counts of Periods 1
and 4.

Crested guklet--A conplete record of counts of crested auklets on St.
George Island is provided in Appendix 4. The crested auklet was the |east
conmmon of all the regularly occurring seabirds on the Pribilof study
plots. The only generality that can be made is that very few crested
auklets appeared in August. However, differences between sanple periods
cannot be statistically verified (Friedman T=4.84, df=3, p>0.1). Trends
bet ween Periods 1 and 2 are inconclusive. This species appeared to be
nost numerous in Stratum 1 in Period 1, and in Stratum 2 during Period 2.
As with parakeet auklets the sanpling design is likely inappropriate for
crested auklets.

Least auklet--A conplete record of |east auklet counts on St. George
Island study plots is provided in Appendix 4. The same limtations that
were described for the other two auklets apply to the interpretation of
these results. The main conclusion is that |east auklets were essentially
absent from the study plots by August. Friedman anal ysis docunented the
anong- peri od heterogeneity (T=22.34, df=3, p<0.01). No peri ods
particularly different from the others were segregated by the nultiple
conpari sons.

Horned puffin--Counts of horned puffins on study plots on st. George
Island are sunmarized in Appendix 4. Meaningful interpretation of puffin
attendance data suffers frommany of the sane limtations as
interpretation of auklet data, thus appropriate conclusions are difficult
to mke. On St. George Island, total counts of horned puffins appeared to
vary greatly, but not in an obvious pattern. Friedman analysis did not
reject the hypothesis of equal attendance during all sanple periods
(T=4.79, df=3, P> 0.1).

Jufted puffin--A conplete record of tufted puffin counts on St.
George Island study plots is provided in Appendix 4. Analysis of these
data using the Friedman Test resulted in a significant test statistic
(T=9.52, df=3, p<0.025) but no cl ear pattern was evident.
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St. Paul Island (Pribilof Islands). A few plots were censused in

only one of the two sanple periods. These are Plot 4 (Period 1 only),
Plot 8 (Period 2 only), and Plot 32 (Period 2 only - Zapadni). The S€

plots and Plot 6 (which partially overlaps Plot 5) are not included in the
subtotals or totals calculated for the sample periods (Appendix 5) nor are
they used in the Friedman analyses. Friedman analysis of two groups
(treatments) is equivalent to a Wilcoxin paired-sample test.

Northern fulmar--Counts for St. Paul Island are shown in Appendix 6.,
These counts also illustrate the late sumrer increase in nunbers of birds
on the study plots, with August counts (period 2) being approximately
doubl e the July (Period 1) counts Counts during the two sanple periods
were significantly different (T=4.03, df=1, p<0.05). Trends appear to be
simlar in both strata.

Red-faced cormorant--The results for St. Paul Island are Shown in
Appendix 6 (nest data are summarized in Appendix 7). Again, the nunmber of

birds censused was quite small. The overall trend appears to be opposite
that found on St. George with the August counts |ower than July. The
difference between sample periods are not significant (T=0.53, df=1,
p>0.25). Note that this is a consequence of trends in Stratum 2 only. It
I's apparent that our study plots do not represent the core of the
cornorant breeding areas, at least on St. Paul Island. Plot 32 (Zapadni),
whi ch was censused only in Period 2 and hence not included in the totals,
contained alnost three tinmes more cornorants than ail the other plots
conbined. Any inferences concerning trends in cornorant nunbers based on
these scant data are tenuous at best.

Black-legged kittiwake--Counts by period of black-legged kittiwakes
are shown in Appendix 6 (nest data are summarized in Appendix 7). Study

plot attendance by this species in August was significantly higher than in
July (T=22.57, df=1, p<0.001).

Red-legged kittiwake-~Counts Of red-|egged kittiwakes are summarized
in Appendix 6 (nest data are summarized in Appendix 7). The total counts
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suggest an increase in abundance in August relative to July;, however, the
trend is not significant (T=3.33, df=1, p>0.05).

Common murre--Tne seasonal use dates for St Paul (appendiz 6) poi nt
to an increase in the nunber of attendees during the course of the sumer.
The difference is not of sufficient magnitude to result in a significant
test statistic (T=1.20, df=1, p>0.25).

Thick-billed NUI re-~Counts on study plots by sanple period of thick-
billed murres on st. Paul Island are summarized in Appendix 6. Counts in
August were significantly higher than those in July (T=9.63, df=1,

p<0.005).

Parakeet --Counts of parakeet auklets on St. Paul I|sland study
plots are sunmarized in Appendix 6. Although total counts dropped from
July to August the difference was not significant (T=0 53, df=1, p>0.25).

Crested auklet--Crested auklets were found on only one plot on st.
Paul Island. On Plot 31, 21 birds were found onthe July count but only

one was found in August.

lL.Least auklet--Counts Of |east auklets on St. Paul Island study plots
are summarized in Appendi x 6. These species exhibited a precipitous
decrease in abundance between the July and August sanple periods (T=4.0,
df=1, p<0.05).

Horned puffin--Counts of horned puffins on St. Paul are summarized in
Appendix 6. On this island the August counts averaged higher than the

July counts. This difference was not significant (T=2.00, df=1, p>0.1).

Tufted puffin--Tufted puffin were too rare on St. Paul Island
(occurred on only-3plots) to warrant analyses.
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Di scussi on

Seasonal trends in bird abundance (attendance) is inportant in
desi gni ng seabird nonitoring programs. |f the sizes of populations
attending colonies change rapidly over the course of the breeding season,
it may be difficult to take sufficient sanples or to standardize census
times S0 that neaningful interpretations of anong-year trends can be made
The sampling problens introduced by seasonal variations in attendance are
simlar to those resulting fromdiurnal variations. It nust be deternined
to what extent seasonal variation reduces the reliability of year-to-year
popul ation estinates.

The results described thus far suggest that there is pronounced
seasonal variation in colony attendance for many of the key study species.
This type of variability has been previously documented, e.g., in thick-
bi | | ed murres (Gaston and Nettleship1981) and fulmars (Hatch 1979).The
magnitude of this variability and its inplications for nmonitoring often
are underestimted or ignored. For exanple, past censuses .at the
Pribilofs have enconpassed nuch of July, and our results indicate that,
from the beginning to end of this period, black-legged kittiwake
attendance mght double. Thus, if anong-year sampling schedul es were
offset by even two weeks, the data on population levels of black-legged
kittiwakes could not legitimately be conpared. The large decline in
bl ack-l egged kittiwake attendance found at Cape Peirce over a 10-day
period in June provides a further illustration of this point.

Wwe cannot adequately characterize seasonal variability because of the
infrequency of our sanpling. Qur intent was to include replicates in our
study to measure short-term random variability in attendance. Qur results
seemto indicate that our "replicates®, in fact, document directiona
variations? i.e., one-way, short-termtrends in attendance. Separating
these two components of variation may not be possible wthout much nore
i ntensive sanpling

To help elucidate the relative inportance of these two contributing
factors, the counts for each species during sanple periods from all study
areas are plotted in Figures 23 to 27. Each point on each figure
represents the total count of birds (during that sanpling period) on all
of the plets where birds were consistently recorded during all sanpling
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Figure 23. Counts of red-faced cornorants on St. George Island (SG and
St. Paul (SP) islands during different sanpling periods in 1984.
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Figure 24. Counts of black-legged kittiwakes on St. George (SG and st.
Paul (sp) islands during different sanpling periods in 1984,
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Figure 25. Counts of red-legged kittiwakes on St. George (sG) and St.
Paul (SP) islands during different sanpling periods in 1984.
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Figure 26. Counts of common nmurres at Cape Peirce (cp), St. George (s6)
and St. Paul (sp) islands during different sampling periods
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Figure 27.  Counts of thick-billed murres on St. George (s¢) and St. Paul
(sp) islands during different sanpling periods in 1984,
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periods. The purpose of this exercise was to see if trend sat all three
areas were coincident. Dates have been assigned a nunerical value;, 1is
1 June and 80 is 19 August. The nunerical value corresponding to the
begi nning date of the sanpling period at each study location is given
below. See Table 1 for the range of dates corresponding to each sanpling

peri od.

St. Georsme Island St . Paul Island Cape Peirce
Period 1 26 45 11
Period 2 36 67 15
Period 3 52 18
Period 4 59 L1
Period 5 T4 4y

Seasonal trends are shown for red-faced cornorants (Fig. 23), black-
legged kittiwakes (Fig. 24), red-legged kittiwakes (Fig. 25), conmon
murres (Fig. 26), and thick-billed murres (Fig. 27). The trends from the
censuses of each species from all study areas are simlar wherever they
overlap in tinme. This indicates that the trends in fact docunent regul ar

tenporal attendance patterns by the seabirds.
The data also suggest that these trends nay be independent of

breeding phenology. For exanple, breeding phenology at Cape Peirce i S 2-3
weeks ahead of that at the Pribilofs, and such elose concordance in trends

between these locations (such as for black-1egged kittiwake) would not be
expected if they were caused by changes in the phases of breeding. For
the present, we conclude that seasonal variation in attendance patterns
can be large, perhaps obscuring anong-year trends in plot counts.

Anong-year Trends

Met hods

As an index to changes in total populationwe conpared counts nade

over years on the sane set of study plots. 1In the case of the Pribilof
| sl ands our estimate of attendance was derived by averaging counts we made
during periods that sanpling had occurred in previous years. The dates of
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censuses used for anong-year conparisons at the pribilif colonies are as
fol | ows:

St. George Island

1976: 9 July - 3 August

1982: 23 July - 3 August

1984: 9 - 31 July (Periods 2-4)
St. Paul Island

1976: 17 - 21 July

1982: 18 - 20 July

1984: 13 - 26July (Period 1)

The analysis of plot counts made in various years in the study colonies is
a straightforward nmathematical exercise and the results are reported in
the fol | owi ng pages. The interpretation of these results are not so
straightforward As was docunented in the preceding pages, there are many
conponents of variability that may obscure trends or create spurious ones.
The problemwi th diurnal cycles is |essened because the data anal yzed
bel ow are restricted to July censuses when diurnal patterns were mninimal
or absent and nost counts were made during a limted (afternoon/evening)
portion of the day. The seasonal patterns cannot be entirely elim nated
because the previous investigations (Hickey and Craighead 1977, Craighead
and Oppenheim 1982) usually relied on a single census peri od. Qur data
have been edited to conpare to the tenporal bounds of prior investigations
but we know sonme species, e.g., black-legged kittiwake, exhibit
significant variation within these periods. The test results and
assessments are presented bel ow.

Resul ts

Cape Peirce. Despite the previous seabird investigations that have
taken place at Cape Peirce there are no tabular summaries or anal yses of
nunbers of birds on study plots at this loeationn W have extracted the
counts made by Peterson and Sigman in 1976 that were made on the sane
range of dates (9-19 June and 10-15 July) and during the sane Porti onof
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the 24 hr cycle (the equival ent of 12:00-20:00 ADT) for conparison wth
our results. Note that these counts are but a small fraction of the
census data collected during their study.

Average counts made in the two years (there were usually nultiple
counts Wit hin each sample period) were conpared using the Friedman Test
procedure. Since only two years were contrasted this procedure is
equivalent to a matched-pairs test. Counts were conpared for each sample
period. Threeof the seabird species we encountered on our study plots
were either unrecorded (glaucous-wi nged gull and tufted puffin) or very
rarely encountered (horned puffin) in 1976. None of these species were
conmon in 1984 and it is doubtful that a significant change in abundance
has occurred. Results of conparisons of abundance for the remaining

species are described bel ow.

Pelagic cormorant--Average counts of pelagic cornorants on Cape
Peirce study plots are sunmarized in Table 3. Average counts were higher

in 1984 than in 1976 during both sample periods; however in neither case
were differences statistically significant (June: T=1.78, p>0.1; July:
T:Z, p>0.1)o

Black-legged kittiwake--Average counts of black-1egged kittiwakes on

Cape Peiree study plots are summarized in Table 4. Average counts were
lower in 1984 than in 1976 during both sanple periods, particularly in
July; however in neither case were differences statistically significant
(June: T=0.11, p>0.5; July: T=0, p=1.0).

Commen_murre- - Average counts of common nurres on Cape Peiree Study
plots are sunmarized in Table 5. Average counts were lower in 1984 than
in 1976 during both sanple periods; however in neither case were
differences statistically significant (June:  T=0.11, p>0.5; dJuly:
T=0.12, p>0.5).

Sk. George Island (Pribilof Islands) Conparisons of counts on St.

George Island study plots aremade below. In the statistical analyses
(Friedman gest) each strata/plot combination was treated as adistinet
pl ot al though anal yses are based on all strata (e.g., Plot-24 Strata 1 and
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Table 3. Average counts of pelagic cormorants on Cape Peirce study plots.
9=1% line 10-15 July
Blot 1976 1984 1976 jo8y
2 0.7 1.0 0.0 0.0
5 0.0 0.0 0.0 0.0
6 0.0 2.7 0.0 0.5
7 16.0 13.0 10.0 13.0
9 0.0 1.3
10 0.0 2.0 0.0 0.5
11 0.0 0.0 0.0 0.0
12 0.0 0.0 040 0.0
13 7.0 10.0 5.5 10.5
TOTAL 23.7 30.0 15.5 24.5
Table 4. Average counts of black-legged kittiwakes on Cape Peirce study
plots.
9-1% yuné 10=15_ dJuby
PLOT 1976 984 1976 1984
2 1.8 3 1.3 15.5
5 318 104 210 24
6 20.5 11. 33 8.5 11.5
7 189.5 57. 67 135 26
9 122.5 93. 67
10 1 30 0 2
11 28 225. 67 12 71.5
12 171.3 151 80 66.5
13 39.3 57.67 28 24
TOTAL 891.9 734.01 474. 8 241
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Table 5. Average counts of conmon murres on Cape Peiree Study plots.

9~19 June 10=-15 July
PLOT 1976 ~l98h | 1976 1984
2 19.9 21. 33 25.5 30.5
5 460.7 375 427 302.5
6 0 2.67 0 0
7 692.5 166.67 584.5 130.5
9 589 507
10 6.3 68.33 10 24
11 35.5 309 29 253.5
12 252.7 266 26T7.5 216.5
13 205.3 167 175 137.5
TOTAL 2261.9 1883 1518.5 1095
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Plot 24 Strata 2 are both treated as sanple units). Values for study

plots during 1984 represent the average of up to three counts (sample
Periods 2-4).

Northern fulmar--Counts on plots censused in all three years of study
are summarized in Table 6. On St. George Island the 1984 counts were
bracketed by those from 1976 and 1982 and tended nost towards those in
1976.

Counts are significantly different anong years (T=14.62, df=2,
p<0.001). Attendance by fulmars Was significantly lower in 1982 than
1976; however, the 1984 counts are not significantly different from either
extrene.

Red- f aced cormorant--Counts of red-faced cormorants on plots sanpled
each year are sunmarized in Table 7. In both strata in which cornorants

were recorded, the trend has been a decrease in abundance. Counts anmong
years are significantly different (T=7.86, df=2, p<0.025). |t appears
that both the 1982 and 1984 counts are nuch |ower than 1976, but this has
not been statistically verified. Total counts in 1984 are 20-25% of those

made in 1976.

Black-lezged kittiwake--Counts on plots censused during all three
years of study are sunmmarized in Table 8. The St. CGeorge Island counts
suggest a steady decline over the three study years with 1984 counts being
about half the 19?6 counts. This trend was evident in all strata (1, 2,
3, and 5) for which nulti-year data are available.

The Friedman anal yses confirm the anong-year differences (T=24.45,
df=2, p<0.001). Miltiple comparisons reveal that the 1984 counts were
significantly lower than the preceding years.

Red-legged kittiwake--Counts of red-1egged kittiwakes on study plots
censused in 1976, 1982 and 1984 are showh in Table 9. On St. George the

total counts on the study plots decreased during each year of study.

Differences anong years were significant (T=8.07, df=2, p<0.025).
TwWo groups--1984/1982 and, 1982/1976--were identified as relatively
honogeneous subgroups by the nultiple conparisons procedures.
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Table 6.

Counts of northern fulmars in different plots,
different strata, :and different years on St. George~
Island, Al aska.

Table 6 (cont. d)

HORTHERNM FULM AR

{976 1o82 1984 STRATUM 2
Plot # 2
21
STRATIM 1 22
2z
Plot # 2 0 7% 247
3 2 o o3 5
10 6 24 3 27
11 0 ¥] 1] 29
12 S 1 5 29
1z 15 7 10 0
14 12 8 g 2
15 27 16 24 2z
16 8 o 0 33
17 11 3 1% 24
18 2 2 3 z5
18 3 7 2%
0 0 37
M 5 17 i€ 280
2, 5} z9
208 I 8 12
45 17 £ g8 subtotal
Z»,;, 0 2 3
28 20 g STRATUM3
48 10 4 3
49 o 1} ¢} 40
50 0 B 0
E& 12 4 5 STRATUM 5
4 4
53 E 1 o 42
ZAR DN 2 z 43
Subdotal 245 209 215 Subtots)
TOTAL

TRTHERN FULPMAR

o &~

Py A e

Do Ok

)
OOy O

=da

—
0 e
(=S p PN DS == ) SgF e

[e°)
<

%

22

[SCRR b Y e %'

of N -

i

U’!H
S5

D -
H

L3
- ) O

oo

ol

05

1384

o ol

104z




Table 7. Counts of red-faced cormorants in different plots, different
strata, and different years on St. Ceorge Island, Al aska.

PE0-FACTD CORMOP A%

p= = el S e o Il W o B e IO R e S SRR R e

1aTs 19392 1954
RED-F ACED CORMORANT STRATLM 2
1976 1982 1924 Plot # 2 2 )
21 i B}
2 ] I
2z [v] )
STRATUM 1 247 2 a2
25 3 )
Plot # g : 1] a 27 7 b}
E 1 0 i 23 o g
10 2 0 3 23 n n
11 by} h 3] 0 a} I¥]
12 3 0 ] k4] ] I
12 3 a 3 32 ) a
14 ] ] i xt 0 0
15 D ] 1 24 o 0
16 ] 2 2 =5 z o
17 0 k1 o z6 2 4
18 1 i3] 1 z7 b 0
19 2 0 ] 28 1 B
20 0 0 ] 39 0 )
24 ] 1] 0 _ .
26 12 1 z Subtotal 12 4 3
zep 0 ] |
45 2 D a STRATUM 3
46 3z 1] ]
47 a 0 t 40 aQ 0 g
48 12 . 1 4
49 i) n s} STRATUM S
50 ] ] 0
51 0 a R 42 0 0 ]
52 4 2 1 43 0 0 g
53 3 3 g o __
AP ADHI 12 5 4 Subtotal ] 0 5]
Subtotal %7 25 T8 TOTAL 79 29 19
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Table 8 . Counts, of black-legged kireiuakes tn different

ots, d|fferené strata, and different years am St. Table 8 (cont.)
orge Island, atsska.
BLACK-LEGGED ITT Iy AKES
Bl ACK-LEGOED KITTIW AKES 1978 2 1334
1576 1922 1954 STRATLM 2
Plot # 2 3 0 0
: 21 o 2 1
STRATUM | 22 0 Q 0
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Plot # & £ 5 3 247 3 22 2
9 23 24 5 z 5 15 }3
10 2 2 2 27 41 2z
11 2 1 1 25 21 %% 15
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i3 o ! 1 ke 20 & z
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15 & 9 2 2 z 10 4
16 5 4 1 3z 18 19 16
i7 ] S b z4 1 Iv]
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26 3 a B 39 57 51 29
Z5E 1 o ]
as 5 12 & Subtotal 279 249 161
46 24 44 2
47 20 16 10 STRATUM 3
48 17 iz 21
49 21 o 2 40 17 9 4
S0 5 5 0
o1 o0 45 25 STRATUM 5
52 103 £z 57
53 49 a7 41 } 42 4 3 2
ZAPADI 46 z 29 4z 21 2
Subfota) 458 72 =6 Sublotal 25 6 4
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Tabl e 9. counts of roc-leged Kittiwakes in aifterent P OF S,
sirala, andyeerson St. George Island, Alaska.
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Table 9 (cut)
RED-LEGGED KITTIWAKE
1976 1982 1984
STRATUM 2
Plot # 2 22 16 4
21 6 8 0
22 6 3 0
23 14 14 19
24T 16 5 2
25 3 1 0
27 60 97 48
28 50 58 17
29 18 5 1
30 16 6 5
31 0 1 0
32 0 20 10
33 475 433 141
34 46 0 0
35 3 14 6
36 8 3 8
37 42 54 27
38U 67 18 8
39 6 7 45 53
Subtotal 919 801 349
STRATUM 3
Plot * 40 169 153 110
STRATUM 5
Plot # 42 362 255 149
43 580 491 412
Subtotal 942 746 561
TOTAL 2314 1901 1205




Common_murre- - Conpari sons of counts on study plots sanpled during all
three years of study at St. George Island can be nade from Tabie 10.
These data suggest that little appreciable variation in conmbn murre
attendance has occurred anong years. The 1984 total is bracketed by the

totals of the other two years.
A simlar conclusion may be drawn fromthe Friedman anal yses. Counts

among years were not found te be significantly different (T=1.87, df=2,
p>0.25).

Thi ck- hued murre--Counts of thick-billed nurres on plots sanpl ed
each year on St. George Island are presented in Table 11. These data
reveal a decrease in bird attendance during each year of study. Sinlar
trends are evident in all strata. There are counts available for all but
Stratum 4. Rel ative to 1976, the 1984 counts appear to be down
approxi mtely 25%

The Friedman Tests confirm that differences exist among years
(T=30.41, df=2, p<0.001). Mul ti pl e conparisons segregated 1976 as having
hi gher counts than either 1982 or 1984.

Parakeet auklet--Summaries of plot counts among years are provided in
Tabl e 12 for St. George Island. The only consistent finding is that the
counts in all strata for 1984 are the lowest recorded. Total countson
St. George have fluctuated widely. The Friedman analysis confirms the
occurrence of significant anong-year variability (T=33.17, df=2, p<0.001).
Mul tiple conparisons revealed that counts in 1982 were significantly
hi gher than either of the other study years.

These data are only presented for conpleteness. We have little
confidence in the reliability of the nethods we used for nonitoring auklet
popul ations and therefore refrain from nmaking any inferences about the

actual trend in popul ations.

Crested guklet--Very few crested auklets were recorded during our
counts.  This, combined with the doubtful validity of making direct
conparisons of the data in order to infer population changes for auklets,
makes any conclusion tenuous. The records of counts are summarized by
year in Tablel3for St. George Island. Qur counts for this species on
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Tbl 10 murres t | t
b ?ﬂsTfﬁéent;OanEma andlti] f? nreynearg gnSSC. Geor ge Table 10 (cont.)

SOMIMCH MURRE
COMMDN MURRE

1974 1922 youq
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Table . Counts of thick-bi |1ed murres gn different pl ots,
different strara, aNd di fferent yearsS on st. George Table 11 (cont.)
Island, N an(é -

Y

THICK-BILLED MURRE
THICK-BILLED MURRE

1975 1982 1554
1976 1982 1934
STRATUM 2
Plot # 2 456 3 224
STRATHM 1 21 104 45 is
2 174 st 121
Plot # 3 07 258 158 22 268 200 228
3 235 73 28 24T 825 454 s5%
10 a8 354 200 25 557 235 N
1 15 109 94 27 972 1227 &
12 180 198 118 23 o 561 5
1z 105 % 1z 29 592 373 513
14 177 82 141 20 €40 480 277
15 152 160 109 3 210 122 157
16 169 161 159 3z 77 293 T
17 143 120 11 33 1202 1745 1258
18 70 30 75 4 116 9% £S5
19 91 94 105 35 €82 420 523
20 53 23 s 26 e 262 236
241 779 476 483 37 769 620 812
% 155 67 127 380 459 192 117
358 181 610 424 39 530 547 320
45 202 61 192
4 184 156 221 Subtotal 10708 8131 7673
47 156 161 118
42 237 141 233 STRATUM 3
49 31 17 7 .
50 119 50 3 40 13 75 €9
st % €5 €5
52 52 Z4 73 STRATUM S
53 168 %2 ws s
4R ABMI 675 S67 347 42 185 178 105
43 19€ 156 172
Subtotal 5211 4561 4172
Subtotal 251 324 278

TaTAL 16312 12101 12152
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Table 12.  Counts of parakeet auklets in different plota, Table 12 (cont. )
different strata, and different years on St. Ceorge
I sland, Al aska.

FARAKEET ALKLET

PAR AKEET ALILET 1975 1932 B
1976 1252 1924 STRATUM 2 ‘
Plot # 2 [ o [1}
=1 py 0 )
STRATUM 1 22 i 0 5
2z z 14 z
Plot #5 60 455 \ 24T 12 75 1S
2 23 51 1 25 &0 2z 1z
10 22 S5 o 2-i 28 S5 7
1 ! 2 2 ot 77 103 1%
12 1 26 ] 29 1 S11e z7
12 9 11 1 0 S, 32 i
14 15 23 4 31 11 & 2
15 14 24 4 Iz 16 1z thel
16 7 20 z 23 16 12 31
17 12 b 4 34 2 9 12
13 6 41 2 35 z 25 1
9 6 15 14 z€, v} 17
20 4 5 ] 37 1 39
24M it 44 3z 280 1 15
26 4 2 3 39 43 70
2ER 0 22 28
45 18 39 4 Subtotal 401 740
4 1 1z o
47 14 32 3 STRATUM 3
48 1 24 1
49 0 0 0 40 o 0
50 4 z 0
St 19 22 2 STRATUMS
52 0 0 0
53 2 4 0 42 0 0
ZAP AP | 115 7 105 4z z 9
Subtotal 299 1255 192 Subtotal 3 =
TOT AL oz 2004
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Table 13. Counts of crested auklets in different plots, Tabl e 13 (cont.)
different strata, and different years on St. George
I'sland, Al aska.

CRESTED ALKLET
CRESTED ALMLET

1976 1982
1976 1922 1984 STRATUM 2
Plot # 2 i 0
21 b o
STRATUM 1 22 a )
23 0 o
Plot # s 1 1 g 247 2 1%
3 0 o o5 18 20
10 by 5 a 2:.: 0 0
11 Iy o 0 o] 1z Z0
12 a 0 a 22 26 £
12 o 4 0 0 e 1
14 2 2 D 3 15 2
15 0 o g 2 24 0
15 0 0 33 o )
17 0 a 0 3; 0 )
12 9 a g 35 1 2
19 o 0 o z£ 0 0
20 0 0 0 a7 0 2
24M 0 g 3 k) ] 0
26 o 39 0 3
A2 i] 0 . 0
45 0 g g Subtotal 134 22
N 4& I}
47 ] ? E STRATUM 3
48 0 1] 1]
49 0 0 0 40 0 0
50 0 0 o
51 4 5 1 STRATIM S
52 o o 0
53 0 0 0 42 8 )
24P ADMI o ) o 47 o
Subtota) = 17 Subtotsl ) N
TOTAL 141 99
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St. Ceorge are the |owest yet recorded; however; differences anong years
are not significant (T=4.67, df=2, p>0.05).

Least auklet--The pl ot count data are summarized by year in Table 14
The total counts on St. Ceorge have been remarkably stable over the three
years of investigations; although the variability by strata or on a plot-
by-plot basi s has been extrene. Friedman anal yses reveal no significant

differences anong years (T-4.73, df=2, p>0.05).

Horned puffin--Total counts of horned puffins onSt. George Island
were very simlar in all three years in the sane set of plots (Table 15).
This simlarity of counts is surprising considering the marked anong-year
variability within strata asd within plots. Overall differences among
years were not significant (T=6.97, df=2, p<0.05).

Tufted puffin-=Counts of tufted puffin by year are summarized
Table 16. During 194nmore tufted puffins were recorded than during any
preceding year. Differences anong years were significant (T=7.92, df=2,
p<0.025) .

St. Paul Island (Pribilof ISlands) . The timing of CENSUSES on St.

Paul has been relatively simlar during all years. To the extent that
date is indicative of stage of “seasonal abundance (if indeed these cycles
of abundance are constant over years) the conparison anong years for St
Paul may better represent actual population changes than do the
conparisons for St. CGeorge

Northern fulmar--On St. Paul Island, the 1984 counts are highest
(Table 17), although they are very simlar to the 1982 counts. The counts
during both 1982 and 1984 are approxi mately double those from 1976.
However, these changes in attendance were not significant (T=0.5, df=2,
p>0.75).

Red-faced ecormorant--Counts of red-faced cornorants on St. Paul

I'sland during each year of study are summarized in Table 18. The 1984
surveys resulted in the |owest counts thus far, especially in conparison
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Tabl e 14, Counts of |east auklets in different plots, Table 14 (COHI.)

different strata, and different years on St." (eorge
I'sland, Al aska.

LEAST ALKLET

LEAST AUKLET 1976 1952
197¢ | s 1954 STRA&TUM 2
Plot # 2 ] 0
21 i} g
STR ATUM 1 iz 3 1
z { i0
Plot #3 23 4 0 fal 1 25
- - o : 2 <)
3 < =Y i 7 == =
10 9 40 0 7 5 =
1 1 0 a 2; : lfg 1
12 0 23 0 ! 1
g 3 G 30 57 '3
13 3 W]
14 13 1t o 3t 2 1
15 10 9 2 33 o 2
17 1z 50 g ;;1 g 1
la 3 25 g s z
19 0 7 3 fe o 0
20 1 4 o EZ 0 0
24i4 0 1n 2 ;U o 0
26 7 0 i} 9 2 21
338 D o 29 . - _
43 i 0 3 Subtotal 441 91
46 0 0 0
47 z 26 2 STrATUM 3
49 2 5 0
49 0 0 0 40 D 1]
50 0 0 )
51 o0 10 1 STRATUM 5
52 o 0 0
52 0 3 0 25 o 0
ZAP AL 8 102 166 o 0
Subtatal 115 41 225 Subtots) 0 T

TOT AL
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Table 15. Counts of horned puffins in different plots, Table 13 (cont.)
different strata, and different years on St. George
Island, Al aska.

HORMED PUFF M

—

[Q]

™

1976 1992 1924
HIRMED FUFF I
STRATIAM 2
1976 1%2 . 1954
Plot # 2. 2 il
o 0 o
22 0 0
STRATUM 1 22 0 z
Plot # 2 15 12 ol . :
;4 § 10 7 27 & 10
10 & 3 5 1 4
i ! ! ! 29 14 4
1z 0 4 2 o i 5
12 1} 2 1 2 5 9
14 3 4 7 i 2 2
15 2 Z g 3T 2 g
16 2 z 4 24 4 2
17 2 4 ] x5 3 3
12 3 10 £ 26 26 4
19 0 g 7 27 2 z
20 0 0 4 25U é k4
24M 3 2 & 23 54 18
26 2 0 0 .
286 2 4 [ 76 76
43 8 22 k4
46 0 L 0 STRATUM 3
47 “2 14 2
48 o 18 4 4 D 0
49 0 0 o]
50 0 0 o STRATYMS
51 4 5 z
52 0 2 0 42 0 1]
52 0 0 Q 43 0 0
24P DM 15 19 18 .
— —_— _ Subtotal 0 0
Subtotal £5 192 114

TOT &L 24 234

L]
O NN Oab e

iy

Ol [l =}

[
-




LT

Table 16. Counts of tufted puffins in different plots,
different strata, pand different years gn St. Ceorge Table 16 (cent. )
| sl and, Alaska.

TUFTED PUFFIN

1974 1232 1954 STRATUM 2
Plot #
1
STRATUM 1 22
23
Plot # 3 Q 0 24t
o 0 0 o 2
19 b 0 1 it
11 a D 9 28
12 0 0 0 pot
i1z V] 1] o 20
14 0 4 3 3|
15 o 2 3 32
16 0 0 1 3z
17 a 1 2 39
18 ] 0
19 0 g 0 if
20 0 0 =
24M ] Y i a0
26 0 0 0 29
Z8B o 0 1
:2 g 0 g Subtatal
11 g g ? STRATUM 3
o I
49 0 0
50 o 3 2 .
51 2 STRATUt'15
52 0 o 8
sz n '5 42
b 0 L
ZAPADH) 2 43
Subtotal 4 i4 = Subtotal
TOTAL
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Table 1Z. Coeunts of NOrthern fulmars i N different nlets.
different strata, and different years on st. Paul
Island, Al aska.

MORTHERM FULMAR
t 976 tog2 1984
STRATUM 1
Plot # 1 0 0 1]
20 ) ) n
3 ] g 0
56y 0 D 1
SHE 0 3] i)
7 3] 3] 1}
Q z 2 z
10 z z 1
13 4 4 2
16 1 1 z
17 5! 1 3]
g 0 0 0
19 2 1 1
20 1 0 ]
22 3 26 10
2% 17 20 a
RIDGE W ALL z 7 41
Subtotal z5 £5 70
STRATUM 2
11 a 0 3
12 o a 0
13 1] 0 n
14 2 £ z
Subtotal 2 zZ
TOTAL 38 T 7z
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Table 18. Counts of red-faced cormorants in different plots,
different strata, and different years on st. Paul Island,

. Al aska.
RED-FACED CORMOR  ANT
1976 fog2 1'324
STRATUM |
Plot # 1 14 3 1
25% , 4 17 i
3 19 1 o
ooy 15 12 &
SHE z G 3]
7 Z 4 i
Q 1 1 1
io 4 1 2
15 T 0 z .
16 2} 1] 0
17 1 0 0
i 2 0 2
19 i a 2
20 [x 0 j
22 1 & i
22 2 o o
RIDGE wall £ 7 1
Subtotal 137 33 12
STRATUM 2
11 o n g
12 2z g 15
13 Z 0 z
14 z iy i
Subtotal - 28 2 19
TOTAL 163 &1 2
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to 1976. Friedman anal ysis showed very significant differences anong
years (T=11.31, df=2, p< 0.005). Miltiple conparisons isolated 1976 as

having significantly higher counts than any subsequent survey year.

Black-legged kittiwake--The count data are summarized in Table 109.
These data show that attendance on study plots in 1984wasintermediate

between 1976 and 1982. The Friedman results indicate significant among-
year variability (T=6.74, df=2, p<0.005). The nultiple conparisons found
the extremes--1982 (low) and 1976 (high)--to be significantly different
but 1984 to be intermediate and not significantly different from either
extrene.

Red-legezed kittiwake-- The nunber of red-legged kittiwakes on the St.
Paul Island study plots is relatively small but the overall trend in

counts suggests a decline each year of study (Table 20). This apparent
decline was not w despread enough to produce conclusive evidence of an
anong-year change (T=0.21, df=2, p>0.75).

Common murre--Counts of common nurres made on St. Paul Island (Table
21) show that a marked decrease in number of common nurres occurred
bet ween 1976 and 1982. Attendance may have increased slightly in 1984 but
the actual counts are not nuch greater than those in 1982.

The apparent |arge changes in numbers of conmon murres results from
the rapid change in abundance on a few plots. The direction of change was
rarely uniformover plots and because of this feature, differences anong
years were not found tobe significant using the Friedman test (T=5.79,
df=2, T>0.05).

Thick-billed murre--The count data from St. Paul do not provide a
clear pattern of change (Table 22). The 1982 counts on St. Paul are
substantially less than those in 1976; however, the 1984 counts are m dway

bet ween those of the previous two studies.

The Friedman tests confirm these observations. There were
significant differences anong years (T=15.5, df=2, p<0.001); i n 1982there
were significantly fewer thick-billed murres than in 1976. The 1984
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Tabl e 19, counts of bl ack-1egged kittiwakes in different
plots, different strata, and different years on st.
Paul Island, Al aska.

BLACK-LEGGED KITTIW ARES

1978 1922 1284
STRATUM 1
Plot # 1 35 30 FE:
e 2E 24 50
z 47 46 48
55 9z 79 128
SHE 14 12 14
7 47 20 6
3 a4 g¢, =z
10 4 £0 £2
15 =0 52 24
16 &0 24 24
17 24 4 5
1g 40 22 14
19 43 26 27
20 15 i1 14
22 55 21 T3
23 ) 56 =z
RIDGE wall 214 z20 £20
Subtotal 1692 1010 1348
STRATUM 2
11 21 10 5
12 7o &8 £4q
1z an z4 z2
14 2 2% 12
Suptotsl 153 125 114
TOT AL 1951 1145 1452
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Table 20. Counts of red-legged kittiwakes in different
plots, different strata, and different years on
St. Paul Island, Alaska.

RED-LEGGED KITTI% AKE

1'376 1982 19s4
STRATUM 1t
Plot # Q z 4
28 0 1] ]
3 2 3 0
58 g 1 1
SHE o 0 n
7 1] 0 2
9 5 2 1
0 n o 1]
15 2 0 2
16 1 0 a]
17 1 n 0
18 z 4 z
19 3] ] 0
20 ] ] g
22 2 9 5
2% 11 7 12
RIDGE Wall €1 35 23
Subtotal 37 64 =%
STRATUM 2
11 0 0 3]
12 1] 10 4
13 1 1% )
14 [ 2 z
- Subtotal 7 25 "8
TOTAL 104 89 £3
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Tabl e 21. Counts of commen NMurres in different plots,
different strata, and different years on St. Paul
Island, Al aska.

COMMON MURRE
197% 1982 jond

STRATUM {

Plot # 1 15 o 23

25% 2 a o

3 3 15 12

S5 g a1 2

SNE i 12 o

7 255 2 1

Q 104 Ei) TG

10 548 0 263

15 11 113 4

1& 106 o 20

17 21 i 0

ig 132 Iy 18

19 122 118 9z

20 Iy 0 o

27 & 11 R]

23 235 ] 12

RIDGE W aLL 792 317 428

Subtotal 2273 352 362
STRATUM 2

11 Q 0 ]

iz i 0 o

1% 0 i1 z

14 1ed £ 22

Subtotal - 154 17 4]

TOTAL 2459 249 a4
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Table 22. Counts of thick-billed nurres in different plots,
different strata, and different years on St. Paul
Island, Al aska.

THICK-BRLLED MURRE

1975 fesz - 1994

STRATUM 1

Plot #1 72 9 IS

284 2€ 26 zi

3 79 57 23

5oy 264 172 215

SHE 120 27 37

7 142 117 77

9 123 124 137

10 284 157 221

15 206 107 196

16 187 26 122

17 28 53 72

13 254 T2 159

12 179 a8 134

20 7 a2 £o

22 563 I0s za7

2z 1073 259 =11

RIDGE W aALL 2179 1383 2040

Subtotal 3588 3107 4301
STRATUM 2

11 40 I8 et

12 193 43 57

13 110 185 157

14 63 44 229

Subtotal 712 517 551

TOTAL £E00 TE24 5082
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counts were intermediate and not significantly' different from the two
ot her study years.

Par akeet auklet--Counts of parakeet auklets onsSt. Paul Island are
summarized by year in Table 23. Analysis of these data using the Friedman

test resulted in & significant test statistic (T=20.67, df=2, p<0.001).
Mil tiple conparisons showed that counts in 1984 were significantly lower
than in-either of the other years of study.

Crested a-.-Crested auklets were recorded on only 2 of the plots
sanpled during all three years of study. Too few data were obtained to
warrant statistical tests of changes anong years. The highest counts were
recorded in 1984.

Least auklet--Counts Of |east auklets on plots on St. Paul Island are
sunmarized in Table 24. The total counts have fluctuated considerably
over the three years of study but no consistent directional trend is
noti ceable. The Friedman analysis confirm anong-year variability in
abundance (T=9.03, df=2, p<0.025).

Horned puffin--Total counts of horned puffins at St. Paul show sone
variability (Table 25) but do not suggest any | ong-term (since 1976)
changes in population. The Friednan analysis did not reject the

hypot hesi s of constant abundance anong years (T=0.86, df=2, p>0.5). As
W th auklets, we doubt that these data would be a sensitive indicator of

the status of puffin population |evels.

Tufted puffin--The limted tufted puffin data (Table 26) do not
indicate any significant change anong years (T=0.50, df=2, p>0.5).

Di scussi on

At Cape Peirce there were no statistically significant changes of

seabirds on study plots between, 1976 and 1984,
Nunbers of red-faced cornorants counted on plots declined among years

nore obviously than did counts of other species (Fig. 28); they declined
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Table 23. Counts, of parakeet auklets in different plots,
different strata, and different years on St. Paul
Island, Al aska.

PARAKEET AUKLET

1978 19e2 1984

STRATUM 1

Plot # 1 1 o ]

25% 1&g g ]

3 14 z D

oS 28 19 2

SHE ] 5 Z2

7 7 o by

| 18 & i3

10 3 5 i

13 2 2 b

1& 17 23 z

17 ja] 3 1

ig z 20 e

13 2 4 g

20 ¥ ] {1

22 44 27 5

2z 42 B i

RIDGE " ALL E9E Tt a3

Subtotal 912 227 113
STRATUM 2

11 3 & 5]

12 Z 2 i

13 13 o 1

14 13 19 o

Subtotsl g4 28 2

TOT AL 249 255 115
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Table 24.. Counts of [east auklets in different plots,
different strata, and different years on st. Paul
I'sland, Al aska.

LEAST AUKLET

1976 1952 josd
STRATUM 1
Plot # 1 0 0 0
28y 11 ] 0
z 19 D 0
55 10 12 7
SHE 1 1 0
7 n 0 |
9 0 5 1
10 0 7 1
15 Q 28 Q
16 7 17 £
17 3] Q 5
2 a 14 5
19 7 11 z
o i 0 N
22 z 3 a
23 0 11 0
RIDGE W aLL 246 255 139
Subtotal z04 776 2%
STRATUM 2
11 o 5 al
12 O I} o
13 i 14 1
14 ] ] 1
Subtotal o EE )
TOTAL Z04 Za5 185
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Table .25. Counts of horned puffins in different plots,
different strata, and different years on St. Paul
Island, Al aska.

HORMNED FLIFF I
1976 1982 19354

STRATUM A

Plot #1 0 o B

25 } i 0

z 2 g 2

SE 2 Z 7

aNE 0 i 2

7 i | ]

9 3 o 2

i0 i} 1 i

13 3 12 Z

1 4 q i

17 3 z 0

18 1] 4 4

12 Z 2 be)

20 i 1 2

.4 s 13 2

22 i1 ] i0

RIDGE % ALL 113 71 120

Subtatal 199 132 1el
STRATUM 2

11 1 o L

12 1 i }

13 g g H

14 3 o 4

Subtotal 5 0 £

TOT AL 1Ed 132 Y
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Table 26. Counts of tufted puffins in different plots,
different strata, and different years on St. Paul
Island, Al aska,

TUFTED PUFFIN
1976 jag2 1984

STRATUMA

Plot # 1 0 0 a

2o o g g

3 ] 0 0

SeY g D i

SHE 0 3 A

7 0 0 0

g i 0 i

10 D 0 o

13 0 3] o

1&g o 0 o

17 ] o ul

18 0 i O

i9 p| 0 o

20 ¥ o n

22 D 0 0

2Z H 4 D

RIDGE waLl 13 25 28

Subtotal 14 =1 28
STRATUM 2

11 0 0 0

12 0 3] o

12 0 3] n

14 i o o

Subtatal T 3] T

TOTAL 15 1 28
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Figure 28. Trends in counts of red-faced cornorants in different strata
indifferent years at different colonies. RFCO=red-faced
cornmorant; p1, P2=St. Paul Island, Strata 1 and 2; 61, &=
st.George Island, Strata 1 and 2.
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linearly from 1976 to 1984 in both col onies. However, on St. Paul, 1984
counts exceeded 1982 counts in Stratum2. Counts varied to sone extent
within years as a consequence of short-term variability in bird
attendance, but the nuch larger differences anong years suggested that a
real popul ation decline had occurred between 1976 and 198k.

Counts of bl ack-1egged kittiwakes on St. Ceorge Island were | ower in
1984 than in earlier years (Fig. 29); this trend wasnot as narked on St.
Paul Island (Fig. 30). These trends are difficult to interpret because
seasonal changes also occurred during count periods. Because kittiwake
reproductive success and productivity have been very | ow on the Pribilofs,
especially on St. George since 1980, (see Johnson and Baker, this volume)
low recruitnent may be one cause of the apparent popul ation decline. It
is encouragi ng that August counts, Which probably include subadult
prospectors and adult nonbreeders, are about double July counts; these

birds may breed in future years.
Figure 31 shows a decline of red-legged kittiwakes in all strata on

St. Ceorge Island in 1984; more subtle declines apparently have occurred
on St. Paul (Fig. 32). Productivity of red-legged kittiwakes has been |ow
on the Pribilofs for several years, especially on St. CGeorge Island (See
Johnson and Baker, this volune). As with bl ack-1egged kittiwakes, poor
recruitment, along with a |lowered attendance of adults at the colony, may
be factors contributing to the apparent decline of red-legged kittiwakes,
An influx of birds was recorded in August, after the breeding season;
these may have been subadults prospecting for nesting sites to use in
1985.

The abundance of commn murres on plots varied greatly anmong plots,
replicates, and years (Fig. 33). At this stage of our analyses, there are
no clear patterns to this variation. Substantial decreases on theSt.
Paul plots fromthe 1976 counts to the 1982 and 1984 counts suggested that
nesting populations (or effort) might have declined. Craighead and
Oppenheim (1982) observed simlar (but not statistically significant)
decreases between 1976 and 1982. Statistical verification of such changes
in common murre popul ations remain difficult, these birds nest in larger
aggregations than many other species, and thus present special sanpling
probl ens.
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Figure 29. Trends in counts of black-legged kittiwakes in different strata
in different years at St. CGeorge Island. BIKI=black-legged

kié:tiwakes, 6l, @, @3, b= St. Ceorge Island Strata 1, 2, 3
and 5.

122



* BLKI-P! ©- BLKI-P2

1800 1
1600
1400 1
1200 |
1000 |
800 |
600 1
400 |
200 4

0
1976 1977 1978 1979 1980 1981 1982 1983 1984

YEAR

(€30 w e v Rl o

Figure 30. Trends in counts of black-|egged kittiwakes in different
strata in different years at St. Paul Island. BLKl=
bl ack- | egged kittiwake, P1 and P2 = St. Paul Island,
strata 1 and 2, respectively.
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Red-legged Kittiwakes - St. George island
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Figure 31. Trends in counts of red-legged kittiwakes in different strata

indifferent years at St. George Island. Rkl = red-|egged
kittiwake, G1-G5 = st.George |sland, strata 1-5, respectively.
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Figure 32. Trends in counts of red-legged kittiwakes in different

strata in different years at St. Paul Island, RLK1 =
red-legged kittiwake, P1 and P2 are strata 1 and 2.
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Trends in counts of common murres in different strata
in different years at.different colOnies. oy =

common murre; G1-G5 = St. (George Island strata 1-5;
PL and P2 = St. Paul Island strata 1 and 2.
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Thick-billed murres appear to have declined slightly on St. Ceorge
I sl and between 1976 and 1982, and perhaps between 1982 and 1984 (Fig. 34).
Low counts were evident on St. Paul in 1982 but attendance had rebounded
in 1984 on St. Paul (Fig. 35).

In sonme species, What app'ear to be year-to-year changes in abundance
m ght have resulted from differences anong years in the timng of counts.
For exanple, black-1egged kittiwake and conmon murre counts on St. Ceorge,
but not onSt. Paul, were |lower in 1984 than in 1982. Because the 1984
counts took place earlier on St. George than onSt. Paul, it is possible
that a normal seasonal increase in colony attendance by these birds caused
the annual difference in counts, especially if counts in 1982 on both
I slands were later than the 1984 St. CGeorge counts,

Popul ation Estimation

Met hods

Popul ation estimates of seabird colonies in A aska, and probably
elsewhere, are primrily made sinply by making gross visual counts of
nunbers of birds either froma boat or aircraft. \Wile of unknown
accuracy or precision, these estimates probably suffice to give general
i ndi ces of colony sizes and species conposition

More detailed studies of seabird popul ation sizes have been based on
nmean density/area estimates. These have been of two types: one type of
estimate is based on the extrapolation of densities in known areas (sanple
plots) to the remainder of the colony (e.g., Petersen and Sigman 1977).
The alternative approach has been to photographically sample the col ony
and base the estinmates on extrapol ations of counts of birds in the
phot ographs (Hickey and Craighead 1977).

Qur strategy at popul ation estimation was based on sanpling study
plots. W selected this approach over.the photographic nethod for the

following ‘reasons:

1) Photo-interpretation takes a large tine investment such
that under the time limtation permtted, no replication of
counts coul d be made.
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Figure 34. Trends in counts of thick-billed nurres in different
strata in different years on St. George Island. TBMJ =

thicked-billed murre; G1-65 = st. Ceorge Island strata
1-5.
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Figure 35. Trends in counts of thick-hilled murres in different
strata in different years on st.Paul Island. TBMU =
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2) Although the sanpling nethod outlined by Hickey and
Craighead (1977) permtted calculation of standard errors
among sanpl es of photographic counts, no confidence limts
coul d be calculated for species popul ation estimtes. only
"white birds” were counted in the photographs and
correction factors of unknown precision were used to
translate the "white bird" popul ations into individua
speci es of seabirds.

3) photographi c censusing has been shown to be a useful tool
I n censusing Seabirds; however wthout extreme care it is
subject to considerable bias (underestimation) due to the
inability to resolve individual birds in photographs.
Al t hough recogni zed by Hickey and Craighead (1977), the
error introduced by this problemis not incorporated into
their estimtes.

Since one of our objectives was to derive statistically supportable
estimates with known confidence limts, the photographic method in its
present form was inappropriate. Although the work by H ckey and
Crai ghead (1977) provides a good, well-docunented base for improving their
nethod, we felt a better and quicker selection could be obtained starting
with sanple plots rather than photographic sanple techniques.

Qur sanpling scheme incorporated the use of strata suggested by
Hickey and Craighead (1977) and introduced the use of counting clusters
(aggregation) of birds. The inportance of counting clusters is discussed
later in this section. A conparison of the estimation design used by
H ckey and Crai ghead (1977) with ours is shown in Figure 36. The
procedure used by Petersen and Sigman (1977) is not detailed in their
report but appears to be a sinple version of the methods we enpl oyed,
i.e., without the use of strata or cluster counting stages.

Examination Of Assumptions. There are three steps in our estimation
scheme that we wish to ascertain the necessity/validity of including.
These are cluster counting, use of strata, and extrapol ation based on
ar ea.
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Figure 36. Conparison of population estimation techniques used b% Hi ckey
and Crai ghead (1977) and this study. The photograph based
nethod requires two parallel sanpling prograns; photography
to estimte nunbers of birds, sanple plots to determne species
conposition. The cluster count nmethod is sinpler (only one

type of sanpling) but requires an independent neasure of
occupied cliff area.
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Clustering. One of the features of seabird colonies that led us to .
seek a refinement of past methods of seabird population estimtion was the
observation that birds are often clunped. The tendency for this to occur
is summarized for a selection of species from St. George Island--Strata 1
plots in Figure 37. Al species had a predom nance of cluster size 1
(i.e., single birds), however, the mgajledness® of the distribution was
quite varied. At one extreme were species such as northern fulmar which
usual Iy occurred in ones or twos. Mst species followed this pattern
(occasional |y group sizes were larger, but average group size rarely
exceeded two). Thick-billed murres exhibited a simlar pattern although
larger group sizes were nore frequent. The shape of the thick-billed
nurre graph closely approximtes a common mathematical distribution known
as log-series distribution. The distribution of species show ng the
northern fulmar pattern also fit log-series distributions, especially when
| arger sanples are taken and the occurrence of a few larger clusters is
nore evident.

Common murres, in contrast, have extremely long-tailed distributions.
Al though only a few very large groups are present they are so nuch |arger
than the others they contain a large proportionof the birds. In Figure
37 almost pajp of the common Bwrres represented in the graph are accounted
for in the one group at the right hand extrene. The shape of this graph
approxi mtes a negative-binomal distribution. In the tests presented
earlier for anong-year and seasonal trends in abundance there were often
| arge differences in the absolute nunber of birds, but a failure to find
significant differences between groups. For exanple, on St. Paul Island,
the changes in nunber of conmon nurres on study plots anong years were
proportional |y greater than for thick-billed nurres; however, differences
were not significant for the common nurres but were highly significant for
thick-billed nurres. In part, this appears to be due to common nurre
changes occurring as a few large differences on individual plots, whereas
the thick-billed nurres change in abundance more uniformy across plots--
the statistical tests enphasize these nmore uniformtendencies which
increase our confidence in extrapolating to make whole col ony inferences.

Most popul ation estimation schemes rely on sinple sanpling principles
that may include such features as stratification and/or subsampling.
These schemes make very few assunptions about the distributions of the
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sanpl e data set and may be referred to as “nodel -free”.  Model-free
estinmators are appropriate for conplex sample “designs or if there are
several attributes of interest. However, in order to be flexible enough
to acconmodate many situations, these procedures are frequently suboptimal
for any one specific case. A sinple sanpling theory approach is to
extrapol ate the mean density of seabirds in study plots to the area of the
total colony (mean density/area estimator) as was done by Hi ckey and
Crai ghead (1977) when extrapolating counts in photographs to the tota

island cliff area. However, for studies involving seabird popul ation
estimation where there is only one attribute of interest, abundance,

anal ysis of the frequency distribution my justify the assunption of known
mat hematical forms (e.g., log-series or negative binomial di stribution)
permtting results fromclassical mathematical _theory to be applied.

The use of nmodel -based estimtes (i.e., a nodel for the frequency
distribution of abundance) has been applied in other areas of statistical
ecology (e.g., see Boland 1983), later in this section we explain the use
of this methodology for seabird population estimation

Strata--Using a stratified sanple procedure can often inprove (reduce
the variance) of estimates. The value of stratification at the Pribilofs
was wel | documented by Hickey and Crai ghead (1977) by the distribution of
seabirds anong strata. For exanple, red-faced cormorant were restricted
to the lowest two strata and red-1egged kittiwakes were nost abundant in
the highest stratum

Area--Probably all popul ation estimation schenes used in seabird
studies rely on extrapolating counts in sanmpled areas (study plots) to the
area of the entire colony. Use of area to extrapolate study plot counts
to total colony population requires that we assune that counts of birds
are related to area; that we know the area of the study plots; and that we
know the total area to be extrapolated to. These topics are discussed
bel ow.

ls seabird abundance a function of sample area? This assunption
was eval uated by testing for correlation between abundance and area on our
study plots. The area of study plots was determned by projecting
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phot ogr aphi ¢ slides taken of the plots fromthe same vantage that counts
were nmade and planimetering the area centered within the count area.
Birds (murres and/or kittiwakes) in the picture were used as scaling
factors for size. The results are sumarized in Figures 38 and 39.
Surprisingly, this seemngly intuitive assunption is net always correct.
The trend for red-faced cormorant and red-|egged kittiwakes are negative
but non-significant Significant positive correlations were found only
for northern fulmar, bl ack-1egged kittiwake, and thick-billed murres at
St. CGeorge Island. None of the correlations for Cape Peiree seabirds were
significant. Only the thick-billed murre on St. George exhibited a
noderately strong correlation in support of this fundanmental hypothesis.

Area of colony The ratio of the area of the colony to the area
sanpled is the factor that is used to extrapol ate plot counts to eolony
popul ation size. Existing estimates of cliff area in the study colonies
are avail able only fort he Pribilof | sl ands (Hickey and Craighead 1976).
Even these estinmates are inappropriate for our needs (but were suitable
for the photographi c methods of Hickey and Craighead). Because seabird
study plots were selected based on cliffs with birds; we need to know the
total cliff area occupied by birds, not total eliff area. (O herw se
popul ation estimates will be biased and much too large. A survey of cliff
availability to birds is nuch beyond the scope of this study. Prelimnary *
estimates of eliff availability on St. George Island were made as follows.

Popul ation estimtes for St. Ceorge Island Were derived by H ckey and
Craighead (197'7) using a photo-interpretation technique. They also
provided counts of seabirds on the same study plots we used. Use of these
mul tiple sources of data permtted us to estimate the area of cliff
occupi ed by each species of seabird. The number of seabirds present in
1976 were estimted using the total area of cliffs in each stratumand the
nunmber of birds recorded on study plots (only study plots comon to 1976
and 1984 were used). This estimate is certainly too large, however, the
ratio of this number to the independent popul ation estimtes determned by
H ckey and Craighead (1977) provides a correction factor for reducing
total areas to areas of seabird cliff habitat. Wwe calculated this
correction factor for each species and strata.
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Second, it incorporates the sampling design, i.e., stratification and
enuneration of clusters. This specification of a probability nodel for
the data yields the estimtes by the technique of maximzing the
probability function (likelihood) with respect to the nodel paraneters
(see silvey 1970). The variance of these estimtes may be derived
directly using a technique called the delta-nethod (see Serfling 1980).

Model - based estimation and goodness-of- f£it--An inportant aspect of
nmodel - based estimation is the selection of a nodel. It is clear that for

a variety of abundance patterns there should be a variety of probability
models.  And thus, bef ore maxi mum |ikelihood estimation can occur it is
necessary to seleect anong a set of alternative nodels (frequency
distributions). The nodels from which we selected when fitting the
cluster size frequency distributions to known mathenatical distribution
were: (1) Poisson, (2l og-series, and (3) negative bhinomal). As
described earlier, individual species may vary as to which nodel would be
nost appropriate; this leads to a goodness-of-fit problem In the nodel
sel ection process for abundance data, as will be detailed later, it is
possible to use a standard Chi-squared goodness-of-fit procedure (see Rao
1975, These procedures are only appropriate for independent, identically
distributed, random variables. These standard assunptions are not nmet in
this study, therefore we have used alternate methods, as detailed bel ow.

Construction of the population estimates

Probabilitv models. There are several features of the abundance
data that need to be incorporated into the nodel for the data. OF prinary
inportance is aggregation of the birds on cliffs (i.e., clunping of birds
into clusters). Additionally, the aspect of stratification of the sanple
area needs to be accounted for. The follow ng nodel for clustering of
i ndividual s uses the techniques detailed in Patil et al. (1978). The
assunmptions of this nodel are as follows:

Let {rf} be the nunber of clusters within the colony.

Let {Yjs j=15+..,N} be the number of individuals within clusters
1’IIQ’N|
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Then the total nunber of individuals witkin the colony nay be expressed as
N

X = T 1| (1)

Thi s expression for the abundance of individuals in the colony has
several consequences. Mbst inportantly it acconmodates the occurrences of

species that do not cluster. This is specified by letting ¥jz1 for
j=1,...,8 and thus letting N be the total nunber of individuals in the

col ony.

To utilize this nodel for estimation of’ the total population, we
nust incorporate the sanpling design. Thisis the step that introduces
the probability nodel for the sanpled plots within strata. There are two
distinct frequency distributions of interest. They are:

(1) The distribution of the nunmber of clusters (N) on a plot,
(2) The distribution of the size (y;) of clusters yithin a plot.
J

Additionally, to allow for the heterogenity of areas within the colony,
the estimates will be based on strata; i.e., separate frequency
distributions will be fit to each strata and then conbi ned and
extrapolated to the entire colony. To extrapolate to the entire ecolony it
IS necessary to utilize the parameterization of the frequency
distributions given above. Considering the formof the total population
as a function of the nunber of clusters and cluster size, we can construct
a parametric formfor the number of individuals on plots. This formis
the mean or expectation of the distribution of the nunber of individuals
on a plot. This is witten as

E(H;) = E(Ni) E(Y3)

where E(.) is the expectation of the randomvariable wthin. I n ot her
words, to extrapolate the nunber of birds on a plot (and strata) to the
entire colony, the expectation of the nunber of clusters tines the
expectation of the size of the cluster nust be estimated and then enlarged
to the entire size of the colony. To acconplish thisit i S necessary to
estimate the parameters of the above expectations. The formof these
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parameters depends on the respective distributions. Thus it is necessary
to fit several mathematical distributions to the cluster sizelfrequency
distributions to estimte these paraneters. As we mentioned earlier,
maxi mum | i kel i hood estimates will be used for this task.

Implementation Of goodness-of-fit. Sone criteria are required

for evaluating which model is nost appropriate. Two SUCh criteria that
were applied are based on the Chi-squared goodness-of-fit test, and the
likelihood ratio test. The Chi-squared test is one of the nore conmonly
applied tests used to specify if the chosen nodel is correct. It is
appli cabl e when N independent observations are classified into one of K
distinct categories. Taking (i) to be the ‘observed'nunber of
individuals in the i category and E(i) the ‘expected” number of
individuals in that category, then the statistic is given by

(2)

2

(0~ E.)

2 <N V)5
x zj:l Ej

If we assume that the nodel from which the E's were conputed is
correct, the statistic converges (as N gets large) to a X2 random
variable. Thus, large values of the statistic suggest that the nodel is
i nappropriate; this is true even if the nodel (and thus the E's) depend
upon paraneters that have been estimated in some efficient manner.  These
details are well docunented inRao (1973:371). Usingthesepreviously
defined statistics, one can devel op a diagnostic for discrimnating
bet ween nodels, e.g., choose the nodel that was ‘|east rejected" (I argest
P-val ue) according to the X2 goodness-of-fit test. Ri pl ey (1980)
di scusses the use of simlar diagnostics. Although nmethods based on the
above Chi-squared goodness-of-fit statistics are intuitively appealing and
reasonably well understood, methods based on the likelihood of the data
are usual ly considered superior (Serfling 1980:347) and are applicable in
t he non-independent case. (One such procedure, proposed by Cox (1961,
1962) is based on the ratio of the maximzed |ikelihoods for two conpeting
model s.  This diagnostic selects as superior the nodel with the |argest
maxi m zed |ikelihood. Cox further develops this into a test statistic for
testing between nodels which is, in the large sanple independent case,
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approximately normal. These two diagnostics were enployed in selecting

the nodel stobe used in estimating population totals. The Chi-squared
procedure was used only in determning the cluster size distributions,

however, the |ikelihood procedure was applied to overall models as well as
to the conponent distributions.

Inplementation of maximum likelihood. The naximum [ikelihood

estimation procedure is based on the probability |aw (frequency
distribution) for the data when the distribution is a function of sone

unknown parameter §.

For the discrete case with observed (xq,... ,%y)=x

for the random variable (X1,...Xp)=X let
f(x;p)=P(Z=x ) and 1(x;@)=log(f(x;¢))

This nmethod estimates the value of the paraneter to be that which nakes
the data most probable; i.e., the estimate maximizes 1(x;$) as a functich
of . This maximzation can often be acconplished using elemetary
cal cul us techni ques--the maxi num occurs where the derivative of 1(z;@)is
0. This may be terned ‘solving the normal equations occasionally this
yields closed-form estimates. In other cases, the normal equations have
no closed-form solutions and nunerical techniques are required. To
illustrate these ideas, some specific exanples are included. Suppose one
observes n independent plots of Size Aqy..,iy Wt observed number of
- Clusters per plot as xI ,...,xy and assume that the Xi has a Possion (443)
frequency distribution. Therefore

n
168)= 3 1 ((-ah))ex jlogtan g-tagtxy)i )

Solving these normal equations vyields

=1xj’z'r1”" )
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which is unbiased with variance

A/zjr':‘Aj (5)

In the previous exanple a closed-form solution existed. In the
mpjority of cases this is not true and it is necessary to nunerically
maxinize the likelihood. This is an iterative procedure called a Newton-
Raphson procedure (see Chanbers [1977] for further details concerning
i npl ement ation).

Resul ts

Cape Peirce.

Common murre-- Estimates of common nurre popul ations were cal cul ated
for the five study periods at Cape Peirce.  The perfornance of the
estimation, i.e., the size of the confidence intervals expressed as a
percentage of the nmean and the ratio of the confidence interval calculated
by our methods conpared to a standard estinate based on nean density
extrapolation to area can be conputed as these are independent of the
total col ony size. The results are summarized bel ow.

95% Conf i dence Intervals

Period g .of Total Population Ratio of C.I.
! 17 0.29
2 18 0.31
3 19 0. 30
4 20 0. 36
5 19 0.34

Qur 95% confidence limts were always within +20% of the popul ation
estimte. Common murres frequently are highly aggregated on cliffs and
the distribution of their cluster size approximtes a negative-binomal.
distribution. Use of a population estimator based on this distribution
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results in confidence intervals about one-third (Ratio of c.I. ~0.33)of
what they woul d have been using a simple nean density/area estimator; this
Is a substantial inprovenent.

Black- legged kittiwake--An analysis of the bl ack-1egged kittiwake

popul ation at Cape Peirece i S simlar te that described for cormbn murres,
and yields the results sumarized below.

95% Conf i dence I nterval

Period —%. of Total PQDulation Ratio of C.I.
| 19 0.57
2 24 0.63
3 26 0.63
4 30 0.55
5 25 0.54

Qur popul ation estimates for black-|egged kittiwakes are not as precise as

for comon murres; however, +25% is very good considering the intensity of
sampling (only 12 plots). Qur estinate, based on a |og-series nodel was
almost twice as precise (Ratio of C.I. of 0.5) as a nean density/area

estimator.

St. George Island (Pribilof | sl -¢ Precision of population

estimates were calculated for the non-cavity cliff-nesting seahirds using
the counts made during sanple Period 2 (early July). The performance of

our estimtors are given in Table 27.
The performance criteria listed in Table 27 show that our estimators

performed as well as and usually nuch better than the mean density/area
method commonly used. It is not surprising that red-faced cornorant
popul ations could not be estimated very precisely; the nunbers or plots
were not related to the area sanpled (Figure 37).

Di scussi on

Qur experimentation with different types of popul ation estinmation
procedures points to several techniques that could greatly inprove seabird
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Table 27. Evaluation of precision of maxi mum |ikelihood estimtor in
relation to mean estinmate and estinmates based on nmean
density/area estimator.

95% Confi dence Interval

72 of Total Population! Ratio Of C.I.2
Northern fulmar 15 0.25-0.47
Red-faced cornorant 112 0.68-1.03
Bl ack- | egged kittiwake 50 0.45-0.60
Red- | egged kittiwake 36 0.29-0.98
Common murre 26 0.29-0. 34
Thick-billed nurre 10 0.53-0.56

~Based on totals in two strata. _
Ratio is of confidence intervals of maxinum |ikelihood estimator/C.I. of
mean density/area estimator. Range based on Strata 1 and 2 individually.
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popul ation estimtion strategies. Stratification is supported as being an
important conmponent of the sanpling program Al though we did not do any
empirical evaluation of the gains in precision inherent in stratifying,
the study plet data and summaries presented in Hickey and Craighead (1977)
provi de evidence of pronounced changes in abundance with cliff height.
For example, no red-faced cornorants occurred above Stratum 2.

The cluster sanpling technique proved t0 be a useful addition to the
counting procedure. Sone species, nost notably common murres, Wwere highly
aggregated and the estimates for these species were markedly inproved over
nmean density/area estimates. For all species, estimates based on cluster
counting and the maxinmum [ikelihood estimtes had much narrower confidence
intervals than nmean density/area estimates. O the species studied, the
cluster size distribution of all except common murre best approximted a
| 0g-series distribution; comon murre frequency distributions were
negative binom al.

Hickey and Craighead (1977) reported their 95% confidence interval to
be within 50% of the nean estimate. Craighead and Oppenheim (1982)
revised this interval to 36% How these nunbers were derived is unclear;
presumably they are basedon the variance of counts of whitebirds from the
phot ogr aphs, i.e., not species by species. Actual confidence limts of
i ndi vi dual speeis could not be cal cul ated (Hickey and Craighead 1977).
Qur methods resulted in better precision for four or five of the six
speci es (dependi ngon whether the comparison is with 36 or 50%. on a
speci es by species basis, the mean density estimte is |ess precise than
the methods we used. The nost nunerous species on the Pribilofs, thick-
billed murre, could be estimated £10% using the maxi mum |ikel i hood
estimation procedure.

There are some drawbacks to our procedure conpared to the Hickey-
Craighead method. Al though we have achieved better precision, we cannot
determne an accurate total estimate without better estimates of the total
area of seabird habitat. Hickey and Crai ghead avoi ded this problem by
t aki ng random sanpl es of photographs to represent all cliff areas
(regardl ess of presence of hirds). Their nethod does not pernit accurate
species identification (whitebird was the limt of their selection) and
risks losing inportant differences in population trends anong species or
m Xxi ng species with disparate distributional characteristics (e.g.,
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pooling common and thick-billed murres) since one must assune that
whitebird abundance is a precise indicator of each individual species.
Further, it takes longer to acquire and anal yze photographic data, and
this type of analyses could result in pooled counts over too broad a
period of time. Qur results indicate that |arge changes in the nunber of
birds on study plots may occur on a scale as small as three days.
Repeated sanpling of study plots is likely a nore viable alternative than
many photo surveys for |arge colonies such as St. Ceorge.

Unfortunately, it appears that none of the studies thus far have been
intensive enough to yield reliable, useful population estimtes. The
anal yses reported upon here indicate that use of stratification, cluster
counting, and maxi mum |ikelihood estimation will result in nuch nore
precise estimtes than we have had in the past. It wll be necessary for
successful inplenentation of this approach, as well as others, to place
additional enphasis on determning the areal extent of colonies (i.e.,
what fraction of the colony are we sanpling) before we can confidently
extrapol ate results fromstudy plots to total colonies.

For sonme species, such as red-faced cornorant, our data reveal very
poor relationships between nunber of birds and area sanpled. Before
extrapolations are legitimte, a better understanding of what seabird
habitat is, will be necessary. It appears that we do not know exactly how
nuch suitable habitat we have sanpled, nor how nuch to extrapolate to

SUMVARY

Qur popul ation study focused on four areas of research: the
docunentation of diurnal trends in abundance, seasonal trends in
abundance, anong-year trends in abundance, and an analysis of nethods to
i nprove popul ation estimtors. The last two topics, population trend and
popul ation size, are the major topics of interest in a nonitoring and/or
managenent program however the first two conponents of the study
determne linmtations on how we should sanple to permt realization of
monitoring goals. A firm understanding of diurnal and |ong-term tenpora
(seasonal ) variability should precede a monitoring programand should be
incorporated into its study design; however, this is sel dom done
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our analysis results indicate that some concerns have been overstated
and others have Been overlooked. Diurnal ecyecles in attendance were
pronounced early in the season but di mnished as incubation got underway.
W suspect such cycles may becone nore prevalent late in the season but
have little data to support this conjecture. Qur results showed that
censuses shoul d ve conducted during the incubation period when counts may
be made over a broad segnent of the day. The practice of making a series
of 24-hour counts at the start of a study and using that "pattern" to
conpensate better counts made later in the study (to correct for time of
day) may impose a non-existent pattern on the birds. Further, this
technique may inflate the actual popul ation estimates since it appears
that the cycle is introduced by the com ngs and goi ngs of non-breeding
birds, whereas nesting birds appear to occupy their sites with great
fidelity. If counts are conducted early (Or late?) in the year when
diurnal cycles are pronounced, the timng of censuses should be based on
the species of particular interest. Mst species exhibit distinct eyeles
that are not in phase with each other.

Diurnal variability was nmuch less pronounced than anticipated and the
longer termpatterns in attendance were nore pronounced than anticipated.
In extrene cases, large changes in the number of birds occupying cliffs
were noted in periods as short as three days. The nost stable nunber of
birds present on the cliffs appeared to be during the md-incubation
period. Earlier and later, non-breeding birds ("prospectors") appear at
the colonies and inflate the counts.

The influence of seasonal trends may be very inportant in assessing
anong-year trends in population size. On St. CGeorge Island, the timng of
censuses of seabirds have spanned a range of dates of approximately one
nmonth, thus confounding our ability to distinguish anong-year from within-

year patterns in variability.
For many species the counts on the Pribiloefs in 1984 were |ower than

counts nade in 1976 or 1982, and usually much lower than in 1976. In
general these changes were Mre pronounced on st. George than on St. Paul.
4 summary of results for the cliff-nesting species, excluding cavity

nesters, is as follows:
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Significance 1984 Significance 1984
Northern fulmar B! 12 n.s.
Red-faced cor norant . L S L
Bl ack-1egged kittiwake o L o I
Red- | egged kittiwake n.s. n.s.
f:ommon nmurre . n.S. n.s.
Thi ck-bi |l ed murre L

1pifferences occur anong-year: *=p<0.05,® *=p<oeol, ® **=p<o.o00l.
%position of 1984relative to 1976 and 1982: |=internedi ate, Lslowest.

The nost convincing evidence for a substantial decrease in popul ation
size has been for red-faced cornorant, where nunbers were nuch reduced on
study plots in 1984 relative to 1976 on both St. orge and St. Paul.  For
the remaining species, apparent changes in abundance were not significant
(common murre and red-1egged kittiwake), or there were significant changes
i n abundance but counts in 1982 were |ow and counts in 1984 were
internmediate (northern fulmar), or different trends occurred on the two
i slands (bl ack-legged kittiwake and thick-billed murre). Although it is
quite possible that different population trends could occur on the two
i slands, the tendency in 1984 to have |ow counts on St. George but not on
St. Paul, and the fact that countsen St. Paul were made at nore simlar
times each year than were those onst. George, leads us to the suspicion
that the counts on St. George may reflect seasonal as well as yearly
effects

Anot her possibility is that the countsof birds on the cliffs is a
function of nest success. In years of high nest failure (1982 and to a
| esser extent 1984; see Johnson and Baker, this volume) the adult birds
may |eave the colony early. 1Ifthis is the case, plot counts may be a
reflection of current nesting effort rather than size of the adult
popul ati on. Nonethel ess, the counts onSt. Paul did reveal significant
anong-year differences that indicated |ow counts in 1982 and sone recovery
in 1984.
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The counts of birds on study plots seemed to suggest. nore differences
among years and/or season than were found to be significant. This
apparent lack of sensitivity wasdue to the nature of the tests, Which
gave each plot equal weighting in the tests even though many nore birds
occurred on some conpared to others. This attribute is desirable in that
it does not allow trends on one large plot t0 overshadow those on several
smal | er plots which have trends in the opposite direction. To increase
precision, our population estimation analyses describe maxinum |ikelihood
estimators that optimally fit the seabird data to mathenati cal
distributions of known properties. W\ consider it worthwhile to pursue
this and other avenues of research with applications that may assist in
quantifying and testing for popul ation trends.

Wth respect to the popul ation estination analyses, Wwe have found
that the method of stratification inplenented by Hickey and Crai ghead
(1977) is useful in inproving popul ation estinmates based on changes in
occurrence or density of some species anong strata. The cluster counting
and maxi num |ikelihood estimator procedures we tested always inproved our
estimates of population size over those estimtes achieved wth mean
density/area estimators. Qur ability to estimte popul ations ranged from
very good for thick-billed murres (+ 103) to poor for red-faced cormorant
(£ 100%). \Wile sone refinement of these methods is possible, the nost
profitable investnment of time would be in determning the area of study
plots and the area of the cliffs which extrapolations are to be made;
currently this is the factor limting the derivation of accurate

popul ation estimates.
CONCLUSI ONS

Wth reference to our objective of nonitoring popul ations of seabirds
at Cape Peirce and the Pribilof |Slands-we make the fol |l ow ng concl usions:

(1) No anobng-year differences in Seabird attendanceat Cape
Peirce Were founnd. W did document very rapid short-term
changes in abundance «this colony during 1984. |

(2) Many differences were found in counts taken in various
years on the Pribilof |slands. Segregating anong-year
fromw thin-year trends wdifficult or inpossible.
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Overal| it appears that counts in 1982 and 1984 are |ow
relative to 1976 but the position of 1984 relative to’" 1982
is nmore difficult to ascertain. The nost supportable
evi dence of an actual population decrease is for the red-
faced cormorant. The magnitude of this change cannot be
stated as our analyses indicate that counts of this
species are not correlated with plot size and thus al
popul ation estimtes are suspect. Counts on study plots,
however, have decreased approximately 76%

(3) The data base for nonitoring seabirds at these col onies
may not be adequate for measuring potential inpacts of OCS
activity. Mst of the existing baseline (including 1984)
consists of attenpts to get a set of counts in a series of
years. Qur analyses indicate that the timng of these
counts is critical if legitimte conparisons are to be
made to detect among-year changes. Further, we suggest
that the analytical procedures used have not adequately
extracted all therelevant information contained in the
pl ot counts to enable the determ nation of changes in
abundance. A nore through appraisal of analysis and data
col l ection procedures will be essential to provide
reliable monitoring of seabird popul ations.

In terms of achieving our original objectives, we had m xed success
The nost inportant findingof our research was that our anal ysesof the
inplicit assunptions of the studies we were repeating were often invalid.
Qur analysis of diurnal and seasonal patterns of seabird attendance
denonstrates that single point-in-time counts of seabirds are of [imted
use in nonitoring seabirds. Because the ‘baseline"studies on the
Pribilof |slands in 1976and 1982 are of single counts, it is inpossible
to test for differences in plot attendance anong years (1976, 1982, and
1984) independent of short-termvariability in cliff attendance.
Monitoring of trends over time is certainly possible, but will require
substantially nore effort than has been expended.

Popul ation estimtion also posed difficulties in that the final step
of extrapolating counts on study plots to the total colony proved
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unsatisfactory. The assunption that cliff area could be used to
extrapol ate seabird counts was erroneous or weak. Although this precluded
the derivation of supportable population estimtes, we found that the
changes in nmethodol ogy we tested, i.e., “cluster counting” of birds and
the use of maximum |ikelihood estimators, markedly inproved precision of
estimates as conpared to the nean density/area type estimators of previous
studies. In order to obtain estimates of total population sizes it will
be necessary to obtain inproved description of seabird eliff habitat and
measurenent of the availability of these habitat types.

In summary” we feel a nore critical examnation of the seabird
nmonitoring strategy be undertaken before the MMs program becomes firmy
established. A nonitoring program demands that studies be conparable
anong years; however an uncritical philosophy of reporting prior baseline
studies (often designed with different research feei) may preclude meeting
current objectives. W recommend that enphasis be placed on determning
the nost effective means of nonitoring trend. To achieve this,
i mprovenents in plot selection, sanpling intensity (spatial and tenporal)
and anal ytical procedures all need to be addressed. A |ower, albeit
inportant, research format should be inproving the technique ‘for
estimating actual popul ation size.

153



LI TERATURE CI TED

Birkhead, T. and D. Nettle ship. 1980. Census nethods for mnurres, Uria
specie s--a unified approach. Can. Wildl. Serv. Oceas. Pap. No. 143.
25 p.

Boland, G S., B.J. Gallaway, J.S. Baker and G.S. Lewbel. 1983
Ecol ogi cal effects of ener%y devel opment on reef fish of the Flower
Garden Banks. Unpub., Rep. Dy LGL Eecol. Res. Assoc., Inc., for NMFS,
Gal veston, TX 466 p.

Cochran, W.G. 1977. Samplingtechniques. John Wley & Sons. New York.
428 p.

Cox, D.R. 1961. Testsof separate famlies of hypotheses. Proceeding
of the 4th Berkel ey Synposium on Mathematical Statistics and
Probability. University of California Press, Berkeley. 1:105-123.

Cox, D.R. 1962. Further results on tests of separate famlies of
hypotheses. J. Royal Stat. Sot., Series B. 2u:bo6-424.

Chambers, J.M. 1977. Conputational Methods for data analysis. John
Wiley & Sones, New York. 268 p.

Craighead, F.L. and J. QOppenheim 1982.  Popul ation estimates and

tenporal trends of Pribilef |sland seabirds. Unpubl. Rep. by Al aska
Bi ol ogi cal Research, for NOAA/ OVPA/ OCSEAP.

Gaston, A.J. and D.N. Nettleship. 1982, Factors deternining seasonal
changes in attendance at colonies of the thick-billed nurre Uria
lomvia. Auk 99:468-773.

Harris, MP., S. Wanlessand P. Rothery. 1983. Assessing changes in the
nunbers of guillemts Uris aalzeat breeding colonies. Bird Study
30:57-66.

Hickey, J.J. and F.L. Crai ghead. 1977. A census of seabirds on the
Pribilof Islands. Environ. Assess. of the Alaskan Contin. Shelf.
Annual Reports of Principal Investigators. ‘NOAA Environ Res. Lab.,
Boul der, Col orado. 2:96=195.

Nettleship, D.R. 1976. Census techniques for seabirds of arctic and
eastern Canada. Canadian Wldlife Service, Ccc. Pap. No. 25.

Patil, G P., M.T. Boswell and J.x. Oral. 1978. Chance mechani sns
under|ying univariate distributions. Statistical Distributions in
Ecol ogy. Draft Manuscript.

Pet ersen, M.R. and M.J. Sigman. 1977. Popul ati on dynam cs and trophic
relationships of marine birds in the Gulf of Alaska and southern
Bering Sea. Part XIIl: Field studies at Cape Peirce, Alaska--1976.
P. 633-693. In: Environ. Assess. A askan Contin. Shelf, Annu. Rep.
Vol. 4. Nat. Cceanic Atnps. Admin. and Bur. Land Mgmt., Quter
Contin. Shelf Environ. Assess. Program Boul der, Col orado.

154



Rae, C.R, 1973. Linear statistical inference and its applications. J ohn
Wiley & Sons, New York. 625 p.

Serfling, R.J. 1980. Approximtion theorens of mnathematical statistics.
John wiley & Sons, New York. 371 p.

Silvey, S.D. 1970. Statistieal inference. Chapnan and Hal |, London.
191 p*

Slater, P.J.B. 1979. Factors affecting the nunbers of quillenots Uis
aalge present on cliffs. Ornis Scandinaviea 11:155-163.

155



APPENDI CES

156



APPENDI X 1a

Sanpl e schedul e for seabird popul ation plots at Cape Peirce.

PLOT PERIOD 1 PERICD 2 PERICD 3 PERICD 4 PERIOD 5
1 13 JUNE 16 JUNE 19 JUNE 12JULY 15 JULY
2 13 JUNE 16 JUNE 19 JUNE 12 JULY 15 JULY
3" 13 JUNE 16 JUNE 2 9 JUNE 12 JULY 15 JULY
4 13 JUNE 16 JUNE 19 JUNE 12 JULY 15 JULY
5 11JUNE 15 JUNE 18 JUNE 10 JULY 13 JULY
6 11JUNE 15 JUNE 18 JUNE 10 JULY 13 JULY
7 11JUNE 15 JUNE 18 JUNE 10 JULY 13 JULY
8 11JUNE 15 JUNE 18 JUNE 10 JULY 13 JULY
9 12 JUNE 15 JUNE 18 JUNE 10 JuLY 13 JULY
10 9 JUNE 14 JUNE 17 JUNE 11JULY 14 JULY
3] 9 JUNE 14 JUNE 17 JUNE 11 JULY 14 JULY
12 9 JUNE 14 JUNE 17 JUNE 11JULY 14 JULY
13 9 JUNE 14 JUNE 17 JUNE 11JULY 14 JULY
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APPENDI X | b

Sanmpl e schedul e for seabird popul ation plots on St. George Island

PLOT PERIOD 1 PERICD 2 PERIOD 3 PERIOD 4 PERIOD S
1 27 JUNE 21 JULY 12 AUG
2 27 JUNE 11 JuLy 12 AUG
s 25 JUNE
6 25 JUNE
7 25 JUNE
a 25 JUNE 10 JULY 30 JuLy 14 AUG
9 25 JUNE 10 JULY 30 JuLy 14 AUS
10 25 JUNE 10 JULY 30 JuLY 14 AUG
i 25 JUNE 10 JuLY 30 JuLY 14 AUG
12 25 JUNE 10 JULY 30 JuLY 14 AUG
13 25 JUNE 10 JuLy 30 JULY 14 AUG
14 25 JUNE 10 JULY 30 JuLy 14 AUG
15 25 JUNE 10 JuLY 30 JuLy 14 AUG
16 25 JUNE 10 JuLY 30 JULY 14 AUG
17 25 JUNE 10 JULY 30 JuLY 14 AUG
18 25 JUNE 10 JuLy 30 JULY 14 AUG
19 25 JUNE 10.4ULY 20 JULY 14 AUG

20 i JUNE 10 JULY 30 JuLy 14 AUG
21 JUNE 10 JULY 28 JULY | 4 AUG
22 . 26 JUNE 10 JULY 2a JuLy 14 AUG

23 26 JUNE 10 JULY 2a JULY 14 AUG
24 26 JUNE 10 JuLY 28 JULY 14 AUG

25 26 JUNE 10 JuLy 2a JULY 14 AUG

26 26 JUNE 1o JULY 14 AUG

2? 26 JUNE 10 JuLY 14 AUG

2a 25 JUNE 11 JuLy 14 AUG

29 25 JUNE 11JuLy 14 AUG
30 25 JUNE 11JULY 14 AUG

31 25 JUNE f1JuLy 14 AUG
32 25 JUNE 11 JULY 14 AUG

33 25 JUNE 9 JuLy 11AUG

34 25 JUNE 9 JULY 1H1AUG
35 25 JUNE 9 JuLY 11 AUG
36 25 JUNE 9 JuLY

37 25 JUNE 9 JuLY 11AUG

38 25 JUNE 9 JULY 11 AUG
39 27 JUNE 11 JuLy 12 AUG

40 27 JUNE 11 JuLY 12 AUG

41 - 27 JUNE 12 AUG

42 21 e 12 JuLy 12 AUG
43 27 JUNE 12 JuLy 12 AUG

44 27 JUNE 12 AUG

45 3JULY 22 JULY 29 JuLY 13 AUG

46 24 JUNE 3JULY 22 Juy 29 JULY 13 AUG

37 24 JUNE 3JuLy 22 JuLY 29 JULY 13 AUG
a 24 JUNE 3JULY 22 JuLY 29 JuLY 13 AUG
43 24 JUNE 3 JULY 22 JULY 29 JuLY 13 AUG

S0 3 JuLY 22 JuLY 29 JULY [3 AUG

51 24 JUNE 3 JuLY 22 JULY 29 JuLY 13 AUG

52 24 JUNE 3 JuLY 22 JuLy 29 JULY 13 AUG
53 24 JUNE 3 JULY 22 JuLY 29 JuLY 13 AUG

54 27 JUNE 12 AUG

55 27 JUNE 12 AUG

61 (ZAPADNI} 25 JUNE a JuLY 30 JULY 14 AUG
62( VILLAGE) 29 JUNE 7 JuLY 31JuLy 15 AUG
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APPENDI X 1e

Population plot sample dates ONn St. Paul.

PLOT PERIOD 1 PERIOD 2
1 i JJULY 4 AUG
2s 13 JULY 4 AUG
2N 13JULY 4 AUG
3 13 JULY 4 AUG
4 13JULY
58 13 JULY 5 AUB
5N 13 JuLy S5 AUG
6 13JULY 5 AUG
7 13 JULY 5 AUG
8 S AUG
9 13 JULY 5 AUG
10 23 JULY 4 AUG
11 14 JULY 5 AUG
12 14 JULY 5 AUG
13 14 JULY 6 AUG
14 14 JULY 6 AUG
15 1S JULY 6 AUG
16 15JULY 7 AUG
17 15JULY 7 AUG
18 15JULY 7 AUG
19 15 JULY 7AM
20 15 JULY 6 AUG
21 15JULY 6 AUG
22 14 JULY 6 AUG
23 . 14JULY 6 AUG
24 14 JULY 6 AUG
23 14 JULY 6 AUG
26 14 JuLY 6 AUG
27 14 JULY 6 AUG
28 14 JULY 6 AUG
29 15 JULY 6 AUG

J1RIDGE WALL 16 JULY 8 AUG
ZAPADNI 7 AUG
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APPENDI X 2

Information about automatic 35 nmcaneras used to monitor productivity and
popul ation plots on the Pribilif |slands and at Cape Peirce during 1984,

Canera#* Lens Film
A ynmpus oM-2 With Vivitar 70-210 mm EKTACHROVE 200
250 frame bulk film Zoom f:4.0 250 frame bul k
magazine and |-h spool
tinmer chip

Camera Locations and Dates of Cperations

St. George |sland. Pribilof [slands Cape Peirce
Locatjon Date Locati O Dat e

Zapadni (TBMu popul ation 23 June-10 awg VECO (comMu, BLKI ~ 7-20 June
plot) popul ation plet)
H gh Bluff 1 (RLKI 23 June- 12 aug 10-17 Jul y
popul ation plot)
High Bl uff 2 (RLKI 23 June-12 Aug  DUH (comMu pro- 7-20 June
productivity plot) ductivity pl ot) 10-17 July
H gh Bluff 3 (TBMU 23 June-12 Awg

productivity plot)

Marvin Gardens (TBMU 27 duly-n Aug
popul ation plot)

Ulukala Ri dge (Least 27 July-1 Aug
duklet attendance)

e Caneras were protected by a Plexiglas housing with a glass viewing '’ port,
and were mounted on al um num base-pl ates anchored to the ground by poles
and sand bags.
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Raw counts and trends in the seasonal abundance of seabirds on study plots

at Cape Peirce.

APPENDI X 3

Pel agi ¢ Cor nor ant

PLOT PERIOD 1 PERIOD 2 PERIOD 3 'PERIOD 4 PERIOD 5
1 5 8 8 2 1
2 1 i i 0 0
3 2 3 0 2 1
6 3 3 2 0 t
7 12 10 17 22 4
8 40 41 42 26 58
9 0 2 2 0 0
10 1 2 3 1 0
13 9 7 14 12 9
TOTAL 73 77 89 65 74
@3 aucous-w nged Gulls
PLOT PERIOD 1 PERIOD 2 PERIOD 3 PERIOD 4 PERIOD 5
6 0 0 1 1 4
8 0 1 5 6 10
TOTAL 0 1 - 16 7 14
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APPENDI x 3 (econt'd)

Bl ack- | egged Kittiwakes

PLOT PERIOD PERIOD 2 PERIOD 3 PERIOD 4 PERIOD 5
1 28 26 34 11 11
2 6 3 0 19 12
3 38 35 22 12 38
4 51 32 36 29 18
5 140 10% 64 7 4
6 25 5 4 8 15
7 71 55 47 15 37
8 695 490 47 1 195 350
9 121 17 83 33 57
10 71 10 9 4 0
1 303 198 176 119 24
12 208 152 93 93 40
13 77 43 53. 35 13
TOTAL 1834 1234 1092 585 656
Comon Murres
PLOT PERIOD 1 PERIOD 2 PERICD 3 PERICD 4 PERIC415
! 14 18 25 18 25
2 25 21 18 35 26
3 6 0 32 0 106
4 215 181 217 170 161
s 372 3%7 366 249 356
& 6 2 0 0 0
7 1% 188 125 116 145 .
B 3591 3240 2801 236% 2539
g 428 486 607 337 374
10 32 %3 90 29 19
11 298 327 302 244 263
12 247 276 275 264 16Q
13 150 201 150 151 124
TOTAL 5571 5410 5008 3981 4307

162



APPENDI X 3 (cent’ d]

Horned Puffins

PLOT PERIOD 1 PERIOD 2 PERIOD 3 PERIOD 4 PERIOD 5

1 ! 1 0 0 2

2 1 0 0 0 0

3 0 7 0 0 1

4 4 18 2 2 4

5 5 7 B8 6 9

7 0 0 0 0 2

8 0 0 0 l 0

12 3 0 0 0 0

TOTAL 14 33 10 9 18

Tufted Puffins

PLOT PERIOD1 PERICD 2 PERIOD 3 PERIOD 4 PERIOD 5
3 0 0 (4] 2 0
4 1 4 0 3 4
8 0 0 0 2 i
g 0 0 3 0 0
12 0 o 0 t 0
TOTAL -0- 4 3 8 5
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APPENDI X 4

Raw counts of seabirds recorded during 'ploet censuses on St. George Island.

Nort hern Pulmar

STRATUM - 1

PLOT

PERIOD 1

13
94
38
39
17
19
10

1
10
19

2

4
28

0
39
76

8
3l

—
LWOHMUIo Q)

PERIOD 2

27
43
25

23
12

13
29
55
12
13
16
H

10

PERIOD 3

ON WA wWo o1

PER1054

19
14
21
i1
25
19

18

==
U1O == B ™ W W

PERIOD §

47
61
58
15
16
21
33
29
13
10
20

16
125
14

32
31
13
14

12

MEAN 2-4

N O P o w
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APPENDIX 4 ( cont *d)

Northern Fulmar (conttd)

STRATUM -2
PLOT PERIOD 1 PERIOD 2 PERIOD 3 PERIOD 4 PERICD 5 MEAN 2-4
2 1 4 5 4
23 102 86 109 I 24 98
24 34 45 46 87 46
25 50 36 45 55 41
27 65 123 83 123
28 99 42 110 42
29 50 27 62 27
30 56 99 89 33
31 3 5 13 5
32 20 12 34 12
33 61 59 32 59
35 30 46 51 4f
36 46 27 27
37 10 ki 19 11
38 17 12 17 12
39 46 79 117 79
STRATUM - 3
1 2 4 2 4
STRATUM 5
44 1 't 0 )
55 17 35 “
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APPENDI X 4 (cont'd)

Red-faced Cormorants

STRATUM- 1
PLOT

13
14
}5
16
17
18
19
20
26
37
33
45
47
40
49
52
53
61
62

PERICD 1

MO RO Qe QOO0

— W DD e WO

PERICD 2

SN O e O = DO DO OO

PERIOD 3

© ot O A -

PERIOD 4

QO - DO QO

OMNOQDON——OD

PERIOD 5

OB e Ot D D By D CH e €3 e

MEAN 2-4.

A D D e DD e

[ I N o B I L > B

STRATUM- 2
36

37
33

e N
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APPENDIX 4 (cent’d)

Bl ack- legged Kittiwakes

STRATUM- 1
PLOT PERIOD { PERIOD 2 PERIOD 3 PERICD 4 PERIOD 5 MEAN 2-4

3 7

6 13

7 2

8 3 1 4 3 3

g 16 7 5 24 8
10 4 0 3 2 2
i1 4 0 1 3 1
12 2 3 ! 4 2
13 0 0 1 i i
14 3 0 3 2 2
15 0 3 1 8 2
16 ] 0 2 2 !
17 1 1 2 2 2
18 1 0 3 2 2
19 15 s} 14 14 10
26 1 0 4 0
32 0 Q 1 0
35 3 1 4 i
37 0 8 8 8
33 0 ) 2 0
45 ° 10 5 4 10 &
46 31 24 24 45 50 31
47 18 s} 9 14 20 10
43 12 12 26 25 17 21
49 i 1 2 2 3 2
50 0 0 2 0
51 33 17 29 30 40 25
52 59 26 58 88 80 57
53 32 39 42 42 59 41
61 29 15 43 39 29
62 31 21 49 50 35
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APPENDI X 4 (control)

Bl ack- legged Kittiwakes (cont'd)

STRATUM -2
PLOT PERICD t PERICD 2 PERICD 3 PERICD 4 PERIOD 5 MEAN 2-4
21 1 o | 0 i
23 “ 4 Q 7 2 4
24 i4 21 23 0 22
25 17 13 14 14 14
27 9 25 32 25
23 4 16 22 16
29 5 s 7 5
30 19 3 9 3
31 0 1 1 1
32 0 4 5 4
33 16 12 i0 12
33 1A 10 31 Hy
36 0 i i
37 0 3 t3 5
39 48 29 89 28
STRATUM- 3
i 23 8 16 B
40 35 4 I 4
STRATUM - 4
41 24 3t
STRATUM -5
42 0 0 l 0
43 3 4 3 4
44 4 0
55 4 2
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APPENDI X % ( cont'd)

Red-legged Kit tiwakes

STRATUM -1
PLOT PERICD 1 PERIOD 2 PERIOD 3 PERIOD 4 PERICD 5 MEAN 2-4

& 32

7 9

g 8 7 6 12 7
10 | 3 0 2 2
14 0 0 ! 2 1
15 11 5 9 13 7
16 0 D i 1 1
17 ! 0 2 1 {
19 3 0 0 0 0
32 9 7 19 7
35 21 0 2 0
37 17 [R] 19 13
33 3 2 3 2
45 3 13 1 ! 6
46 0 i 5 4 3 3
47 4 15 22 23 22 20
48 0 4 0 ! 2 2
49 6 13 13 7 5 11
50 2 5 5 9 4
51 9 14 17 34 23 22
52 1 8 6 10 7 8
53 40 44 68 69 66 60
61 14 30 26 i5 28
62 56 61 93 132 80

STRATUM -2

2 6 4 9 4
23 12 13 25 9 19
24 0 0 3 35 2
25 i 0 0 0 0
27 31 48 87 43
28 30 17 43 17
29 4 i 8 1
30 0 5 5 5
32 0 3 4 3
33 203 141 315 141
34 1 0 1 0
35 14 6 20 6
36 28 8 8
37 42 16 14 6
38 35 8 44 8
39 18 53 66 53
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APPENDI X 4 (cont'd)

Red- | egged Kittiwakes (cont'd)

STRATUM - 3
PLOT PERIOD 1 PERIOD 2 PERIOD 3 PERICD S MEAN 2-4
1 33 40 52 40
40 127 110 138 110
STRATUM- 4
41 279 4|
STRATUM - 5
42 163 149 263 | 49
43 470 412 588 412
44 444 493
54 263 268
55 218 369
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APPENDI X 4 (cent’ d)

| " hi ck-bi ~l ed Murres

STRATUM- 1

PLOT

PERIOD 1

174
258
140
220
259
340
62
123
96
87
88
143
124
54
132
27
192
58
163
288
166
559

193
140
184

1

77
67
74
175
49

PERIOD 2 PERIOD 3

186

286
82
84
98

162
107

m

102
82
98
44

461

127
166

263

244

424
94

158
93

148

40
61
98
395
64

336
265
143

109

PERICD 4

210
227
314
105
151
125
120
111
107
119
68
111
31
504

145
241
117
296

79
80
111
288
137

PERIOD 5

239
370
373
97
179
111
130
124
131
118
91
131
44
342
127
148
184
141
411
190
268
99
291

80
61
127
480
136

MEAN 2-4

198
268
300

94
118
112
141
109
109
111

75
105

38
483
127
166
263
244
424
192
221
118
233

65
73
106
342
101
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APPENDI X 4 (cent’d)

Thi ck-bill ed Murres (econt'd)

STRATUM- 2
PLOT PERIOD 1 PERIOD 2 PERIOD 3 PERIOD 4 PERIOD 5 MEAN 2-4
2 369 224 445 224
21 22 94 73 a4 84
22 45 121 120 156 121
23 85 246 205 246 226
24 330 646 463 830 555
25 215 496 534 539 515
27 178 866 654 a66
28 522 548 681 548
29 465 515 637 515
30 562 377 601 377
31 132 157 126 1S7
32 219 190 155 190
33 858 1251 959 1251
34 68 65 64 65
35 108 265 84 265
36 269 236 236
37 325 368 231 363
38 115 117 127 117
39 367 320 503 320
STRATUM- 3 -
1 143 89 243 89
40 120 69 107 69
STRATUM- 4
41 1588 1756
STRATUM- 5
42 156 105 131 105
43 201 173 142 173
44 264 _ 135
54 186 ' _ 186
55 337 384
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APPENDIX 4 (cent’d)

Par akeet Auklets

STRATUM -1

PLOT PERICD 1 PERIOD 2 PERICD 3 PERIOD 4 PERICD 5 MEAN 2-4

19
12
14
13
R

O 0o ~J h O1

10

13
14
1s
16
17
18
19
24
26
32
35
37
33

—

OO — WO DL~ W s LW —NO— —

N w
- CITLWOOO D DL oW —DNO

OMRNOODOO - 00D O0

RO DO U DO OODOD mO M

N

46
a7
48
50
a1
53
61
62

oS
-t N wmn
DN OODOOD OO

O e O OO =

9
&

)
N wes
ONODOCO—0O—-C0OO00 - QOO I GO

&)

WO RN

WA ON —wWt O
N

- h

173



APPENDI X 4 (cent’d)

Parakeet Auklets (cent’d)

STRATUM 2
PLOT PERIOD | PERIOD 2 PERIOD 3 PERIOD 4 PER1OD 5

22 0 9 o 0 5
23 11 4 0 0 2
24 22 28 2 0 15
25 28 21 5 0 13
27 31 7 1 7
28 0 16 0 16
29 0 37 0 37
30 0 10 1 10
31 0 2 0 2
32 0 7 0 7
33 6 31 0 3
34 3 12 0 12
35 2 0 0 G
36 7 i 1
37 10 g o 3
33 12 5 2 5
39 0 15 1 15

STRATUM- 3

! 0 0 2 o

STRATUM- 5
43 0 1 ]
55 6 0
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APPENDI X 4 (cent td)

Crest ed Auklets
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APPENDI X 4 (cent’ d)

Least Auklets

STRATUM- 1
PLOT PERIOD { PEIW3112 PERIOD 3 PERIOD 4 * PERIOD 5 MEAN 2-4
5 39
6 17
7 32
) 18 0 0 0 0
9 9 0 0 0 0
10 10 0 0 0 0
15 0 4 0 0 2
17 0 9 0 0 5
18 0 17 0 0 9
19 0 17 0 0 3
24 17 3 0 0 2
32 0 10 0 10
35 1 0 0 0
37 2 3 0 3
38 63 29 0 29
45 9 0 1 0 3
46 2 0 0 | 0 #
47 5 5 0 0 0 2
43 5 0 0 0 0 0
51 10 3 0 0 0 !
53 i 0 0 0 0 0
61 ¢ 327 4 ! 166
62 14 3 0 0 2
STRATUM-
22 0 5 0 0 3
23 3 0 0 0 0
24 33 4 0 0 2
25 57 2 0 0 !
27 22 10 0 10
23 0 93 0 93
29 0 64 0 64
30 0 46 0 46
31 0 4 0 4
32 0 14 0 14
36 3 6 6
37 3 2 0 2
38 0 1 0 :
39 0 15 0 15
STRATUM- 5
55 0
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APPENDIX 4 (cont'd)

Horned Puffins
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APPENDI X 4 (cent’ d)

Horned Puffins (control)

STRATUM - 2

PLOT PERIOD 1 PERIOD 2 PERIOD 3 PERIOD 4 PERIOD 5 MEAN 2-4

2 0 0 2 o

22 0 1 1 1 1

23 0 5 3 12 4

24 3 17 2 16 0

25 1 17 1 17 4

27 4 7 5 7

28 12 14 23 4

29 20 11 17 1

30 7 8 11 8

31 2 5 0 5

32 4 3 3 3

33 3 6 9 8

34 3 2 | 2

35 0 0 1 0

36 3 0 0

37 0 7 9 7

38 1 2 6 2

39 40 18 53 i
STRATUM- 3

! 0 0
STRATUM - 4
41 1 0
STRATUM - 5
55 1 2
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APPENDIX 4 (cent’d)

Tufted Puffins

STRATUM - 1
PLOT PERIOD | PERIOD 2 PERIOD 3 PERIOD 4 PERIOD 5 MEAN 2-4

6 !

7 !

8 0 0 ! 0 1
10 0 0 | 0 1
14 3 | 5 0 3
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16 ! 0 ! 0 !
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26 ! 0 | 0
35 9 14 4 14
38 2 ! 0 1
45 0 1 0 ! 0
43 1 0 2 0 ! |
50 0 0 0 ! 0
51 2 0 2 2 0 !
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61 0 3 3 2 3
62 3 6 0 0 3

STRATUM 2
24 1 2 2 3 2
25 | 2 6 0 4
27 2 4 0 4
28 2 3 ! 3
29 4 3 0 3
30 9 1 0 1
32 4 4 1 4
39 0 ! 0 \
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APPENDI X 5

number Of “ nests” (kittiwakes in incubation posture) recorded on St.
George Island study plots during 1984. The date and/or accuracy of counts
varied markedly among plots; hence these values should be interpreted as
m ni num est i mat es.
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APPENDI X 6

Raw counts ofseabirds censused on study plots on St. Paul Island, Alaska.

Nort hern Fulmar

STRATUM - 1
PLOT PERICD 1 PERICD 2
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TOTAL 92 182
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APPENDI X 6 (control)

Red-faced Cornorants
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APPENDI X 6 (cent’d)

Bl ack- 1legged Kittiwakes

STRATUM- 1

pLOT PERIOD 1 PERIOD 2
1 7a 92
25 S0 72
ZN 36 48
3 48 71
4 13
5s 128 159
SN 14 16
6 13 20
7 36 64
8 24
g 53 75
10 62 45
15 84 81
16 24 37
17 5 9
18 14 23
19 27 32
20 14 21
22 14 33
23 21 50
31 620 761
32 519
Sublolal 1328 1689
STRATUM- 2
11 5 19
12 64 141
13 32 4a
14 13 36
21 21 28
22 34 92
23 32 40
24 46 69
25 24 2%
26 19 52
27 25 51
28 13 28
29 1 20
Subtotal 339 . 652
TOTAL 1667 2341
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APPENDIX 6 (cent’ d)

Red- | egged EKittiwakes

STRATUM - 1
PLOT PERIOD 1 PERICD 2

1 4 8
35 1 0
7 2 1
9 i 9
15 2 5
16 0 i
18 3 3
22 4 11
23 7 10
31 23 27
32 5
Subtotal 47 77
STRATUM- 2

12 4 8
13 9 10
14 3 5
21 2 1
22 1 2
23 5 4
24 32 48
25 2 2
26 5 3
27 43 44
2% 4 6
Subtotal 110 133
TOTAL 157 210
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APPENDI X 6 (cent 'd)

Comon Murres

STRATUM - 1
PLOT PERIOD 1 PERIOD 2

1 23 59
3 12 65
55 8 15
7 ! 2
8 2
9 76 116
10 268 394
15 4 2
16 20 22
17 o 1
18 18 15
19 92 107
23 12 8
31 426 502
32 567
Subtotal 962 1308
STRATUM -2

13 3 0
14 29 23
25 35 3%
Subtotal 67 61
TOTAL 1029 1369
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APPENDI X 6 (cent’ d)

Thick-bi |l ed Murres

STRATUM- 1
PLOT PERIOD 1 PERIOD 2

1 35 36
25 31 38
3 88 136
‘4 59

55 21s 347
5N 37 37
6 43 25
7 77 126
B8 130
9 137 175
10 231 310
15 196 263
16 123 94
17 72 76
18 159 151
19 91 134
20 68 8%
22 195 275
23 402 527
31 2040 2058
32 1891
subtotal |, 4197 4571
STRATUM 2

11 38 51
12 97 102
13 157 199
14 289 342
21 B1 79
22 152 189
23 109 122
24 94 110
25 74 74
26 232 204
27 1 4
28 131 238
29 247 300
subtotal 1722 2014
TOTAL 5919 6865
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APPENDI X 6 ( cent 'd)

Par akeet Auklets
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APPENDI X 6 (cent’d)

Least Auklets
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APPENDI X" 6 (cent’ d)

Horned Puffins

STRATUM- 1
PLOT PERIOD 1 PERIOD 2

3 2 (4]
4 1

55 7 10
SN 2 2
g 10
9 3 6
10 1 2
13 2 8
16 1 3
i7 0 2
18 4 0
19 5 2
20 2 1
22 2 5
23 10 2
31 120 120
32 a7
Subtotal 161 163
STRATUM- 2

12 1 1
13 1 2
14 4 g
21 2 6
22 0 1
26 0 1
28 2 1
29 3 &
Subtotal 13 27
TOTAL 174 1’30
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APPENDI X 7

Nunber of “nests” (kittiwakes in incubation ;)osture recorded on St. Paul
I'sland study plot during 1984. The date and/or accuracy of counts varied
markedly anong plots; hence these values should be interpreted as mninum
estimat es.

PLOT RED-FACED CORMORANT  BLACK-LEGGED KITTIWAKE RED-LEGGED KITTIWAKE
1 0 1:] 1
28 0 6 0
2N 0 7 0
3 0 8 0
4 0 3 0
95 1 22 0
5N 0 6 0
6 0 3 0
7 0 3 1
9 | 4 0
11 0 3 0
12 7 i 1
13 0 12 3
14 0 7 1
15 0 20 0
16 0 8 0
17 0 | 0
18 1 2 i
19 0 5 0
20 0 6 0
21 0 8 2
22 i 10 2
23 0 14 1
24 0 H 8
25 0 5 |
26 0 4 !
27 0 7 4
28 0 2 |
29 0 5 ., 0
31 0 155 9*
32 0 32 |
TOTAL 11 408 38
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| NTRODUCT! ON

Productivity of seabirds appears to be sensitive t0 environmental
changes, such as disturbance or prey availability that mght be caused by
ocs devel opment activities. Because of this, and because productivity has
a major influence on subsequent population levels of seabirds, it is an
inportant factor to consider in seabird monitoring prograns.

Changes in productivity over a period of years may be a percursor of
subsequent changes in colony size, and thus monitoring of production rates
coul d provide an early warning of devel opment-caused reductions in seabird
numbers.  However, there are substantial natural variations in preduction
from year to year and these could easily mask man-caused reductions
observed in single-year studies. Very long tine-series of data are
necessary to filter out the noise of natural variability and to allow the
detection of changes in productivity that mght be caused by ocs
devel opnent or other external factors. Productivity data are probably of
nost use in the interpretation of [ater changes in the observed sizes of
colonies; they are probably of [imted use as an early-warning signa
unl ess catastrophic changes occur

METHODS
CGeneral Definitions and Procedures

The term tavian productivity has becone anbiguous. Interpretations
of the termrange from (1) the average nunmber of |arge chicks produced per
nest that had eggs, to (2) the average number of large chicks per nest
alive at the end of the study, regardless of whether or not eggs were
laid. Two useful measures of productivity are the nunber of fledglings
produced per pair of birds having laid eggs (i.e., per ‘breeding pair),
and the number of fledglings produced for the colony as a whole. The
latter is the nore useful measure; it could be estimated fromthe forner,
given an accurate estimte of colony size.

Productivity in this study has been defined as the mean nunber of
chicks per nest (or site, in the case of murres) still alive in study
plots at the termnation of field investigations. Only conpleted nest
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platforms were considered kittiwake 'mests'; Only Sites where murre €ggs
were seen were considered murre 'nests'. Because fledging occured over a
Six- to eight-week period (when all potential species in the colonies were
considered), it was not possible within the tine constraints of this
project, to neasure total numbers of chicks that fledged.

W used different subsets of our data to calculate nore than one
value Oof murre productivity. Analysis of one subset conforned to
procedures adopted by others studying murres at these |ocations in the
past, thereby making our values conparable to theirs. Anal ysis of other
subsets provided what we feel are nore accurate estimates of productivity.
Itis difficult to accurately evaluate the productivity of nurres, partly
because they do not construct traditional nests. My workers (see Hunt
et al. 1981) have used the average nunber of adult murres present on study
plots as an estimator of the actual nunber of nests or nesting pairs
present, Decause it is always difficult to determne the precise nunber
of murre eggs or chicks present. Inevitably, sonme eggs (or chicks) appear
inthe plot late in the study; such eggs could be late first-eggs or
replacenents for those lost earlier. Late-appearing chicks at sites where
no eggs were seen pose a nore difficult problem if these are included in
the counts of chicks that hatched, then hatching success and productivity
estimates are biased upward. Wereas, if they are ignored, estinates are
bi ased downward. In this study, we have considered several measures in
our estimates of murre productivity; breeding performance and productivity
tables give several estimtes based on the different measures. Foot not es
on tables provide details of calculations.

Reproductive success (nunber chicks alive/nunber eggs laid) was
computed for murres and bl ack-1egged kittiwakes for conparison with
earlier studies (murres) and to satisfy assunptions of binomiality
(kittiwakes) for Likelihood Ratio Tests (see discussion below and Appendix

7).

Statistical Methods
One of our major goals in this project was to produce statistically

‘valid estimates of productivity or reproductive success (means wth 95%
confidence intervals) using stratified ratio procedures outlined in
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Cochran (1977:164-169). However, this approach was inappropriate because

there was zero productivity in a large nunber of individual study plots.
Instead, the follow ng nore appropriate and reliable procedure was used to

determne productivity (or reproductive suecess) and to derive confidence
intervals:
P (proportion) = x/n,
where x = # eggs hatched, or the # young fledged, and
n = # of nests, breeding sites, or the # of eggs
| ai d.

100 (1-d%C.I. for 2 i s givenby
- ka a
P i;Zh/z\\fE_ﬂ
n

where o/2 is the upper percentile of a normal djstribution*

Li kel i hood Ratio Tests (Rao 1975) were used to determ ne whether
there were significant differences in productivity (or reproductive
success) anong years, and anong different strata and different plots for
each key species nesting on St. George and St. Paul islands and at Cape
Peirce. Bonferroni Miltiple Conparisons (Graybill 1976) were used to
determ ne which productivity values (which yeasyweredi fferent from each
ot her

W\ attenpted to produce an estimate of the nunber of active comon
nurre nest sites by conducting a detailed computer analysis of digitized
data fromthe DUH productivity plot at Cape Peirce. The |ocation of each
commn murre in each frame of 35 mm film exposed by an automatic camera at
this plot was digitized using an Apple II mcro-conputer, a Hi-Pad
digitizer and conputer software devel oped by LG.. The procedures used in
this analysis are described in Appendix 1.
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Field Met hods

Pribilof | sl ands

Thirteen productivity plots were established at the Pribilof |slands
in 1984--6 on St. Paul and T On St. George (Fig. 1). The 6 productivity
plots on St. Paul had been preyjously established (and documented with
phot ographs) by Hunt et al. (1981) during the md to late 1970's. The 7
productivity plots on St. George were new ones established by us in 1984,
The intensity of sanpling and the principal species present (common and
thick-billed murres, bl ack-1egged and red-|egged kittiwake)ineach
productivity plot at the Pribilofs are summarized in Tables 1 and 2.

The census of each plot was conducted fromthe sane observation point
on each visit. The locations of’ all observation points at Cape Peirce
were nmarked with wooden stakes or |-m al uni num poles. Cbservation points
on St. Paul were identical to those used by Hunt's observers.

Productivity plots were censused throughout the day (0740-2300 h
¥DT). The single observer was not conceal ed and made observations over
distances of 3-30 m On the initial visit to a plot, a sketch map was
drawn; during this and all subsequent visits the |ocations of kittiwake
nests and murre sites were confirmed with respect to their |ocations on
the sketch map or added to it. The anount of time spent at a productivity
plot was dependent on 1) the weather conditions during the census period
(frequently poor to inpossible;, for asummary, See Appendix 2), 2) the
behavi or of the birds being watched, 3) other work demands and %) the-
nunber of birds present on the plot. The average time spent watching
productivity plotsat St. Paul was 1.1 +£0.3 h (n=14 tined watches); the
average tine at St. corge Was 0.5 = 0.4 h (n=37). Each productivity plot
was phot ographed to provide docunentation of the area being censused.

Cape Peirce

Constraints on the total number of days available for study at Cape
Peirce in 1984 were principally budgetary. The timng of the two study
periods (6-21 June, 10-17 July) coincided with the average laying and
hat ching dates of the principal species nesting at the colony; these dates
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Figure .1. Locations of productivity plots on St. George and St. Paul
i slands, Bering Sea, Al aska.
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Table 1. Sampling schedule of principal
Ceor ge Island, Pribilof | sl ands,

productivity plots on St.

Al aska, June-August,

1984.

Speci es of seabirds nesting on

Principal Species — Sampling Dafes
Name of Plot —Sampled —June July August
Zapadni ( 2) TBMU 27 3, 10, 11, 19 12

25, 29

Village East TBMU, BLKI 25 3, 7, 10, 23 10, 13
Murre Plot (1) RLKI 25, 29, 31
Village East BLKI, TBMU, 26 5 T, 13, 22 10
BLKI Cove (1) RLKI 24, 29, 31
Village East (1) BLKI, RLKI ~ %, 30 17,13, 22, 25 11
Far Cove Across 29
Village East (1) RLKI, BLKI 26, 30 7, 13, 22, 25 11
Double Cave Cove : 29
H gh Bluff RLKI, BLKI 11, 20, 26 12
RLKI Pl ot (5)
H gh Bluff (5) RLKI 12, 20, 26 1, 12
RLKI Al cove

Nurmbers in parentheses represent the elevational stratum for each plot.
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Table 2. Sanpling schedule of principal
productivity plots on St. Paul Island,
Jul y- August, 1984.

speci es of seabirds nesting on
Pribilof |slands, Al aska,

Nage Of Plot

Tsammana (1)
Rush Gap North (2)

Rush Gap- Looki ng
Nort heast (2)

Gun Enpl acenent (2)
Sout hwest-29 (2)
Sout hwest-2 (1)

Principal Species
— Sampled

BLKI, RLKI

TBMU, BLKI

TBMU, BLKI
RLXI, BLKI, TBMU
TBMU, BLKI, RLKI

TBMU

Sampling Jles
July  _August
14, 15 4

14, 15 4, 5
15 4, 7
14, 15 4
15, 16 4,6
15, 16 4, 5, 6

Nurmbers in parentheses represent the elevational stratum for each plot.
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weredet erm ned through a review of the available literature. No
provision was made for a third visit to the colony during the fledging
period. Field studies commenced on 6 June, were interrupted from 21 June
to 10 July, andendedonl?7 July.

O the 8 productivity plots established at Cape Peiree in 1984, 4
were originally established (and docunented with photographs) by Petersen
and Sigman (1977) in 1976, another 1 was originally established and
documented by Lloyd (D. Lloyd, unpub. data) in 1981, and three new plots
were established by us in 1984 (Fig. 2, Tables 3 and 4). Qur sanpling
procedures on the 8 productivity plots fol |l owed methods described by
Bi rkhead (1974) for common murres and by Nettleship (1976) for black-
| egged kittiwakes (Type | censuses; Birkhead and Nettleship 1980). The
intensity of sanpling and the principal species present (common nurre and
bl ack-l egged kittiwake) in each productivity plot at Cape Peirce are
sunmarized in Table 4.

The census of each plot was conducted from the same observation point
on each visit. For future reference, the locations of all observation
points were marked in the field with a t-m alumnumpole. My of these
| ocations correspond to locations originally marked with wooden stakes by
Petersen and Sigman (1977).

Productivity plots were censused in the afternoon or evening (1400~
2400 h ap1), after popul ation plots had been censused. Conmmon murre
productivity plots were censused in the late evening (1' 700-2400) when the
number of murres present (especially during June) appeared to be lowest

(Table 5).

Table 5. Nunbers of conmon nurres present in two productivity plots at
Cape Peirce in June and July, 1984,

— Hours (Alaska Dayiight Tine)

Plot _Date 1900 2000 2100 2200 2300

DUH 14 June 255 254 215 191 158
12 July 172 180 170 164

HOKN 12 June 185 171 149 131 59
11July 206 198 203 201.
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Figure 2. Locations of productivity study plots (27, Brav, 26,...) and
observation sites (,ILA,...) at Cape Peirce, Al aska.
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Table 3. ldentifications of productivity plots investigated durin
studi es of seabirds at Cape Peirce, Alaska, during 1984, wit
synonyns used during earlier studies.

Pl ot (Colon¥) Nane

(This Studv) Thiggeu MM (ﬁtﬁ&m&mw
DUH#* DUH Colony 19, subcolony 3
SF;EC Col ony 31
LKA LKA Col ony 27
BKAS BKAS Col ony 26
BKAN BKAN
HOKN

TITI
OBLI - -

*This plot Was photographed hourly using a 35 nM time-lapse Canera.
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Table 4. Sanpling schedul e of principal species of seabirds nesting on productivity plots at Cape
Peirce, Al aska, June-July,
Name of Princi pal Sampling Dates Observation
Pl ot Sanpl e June Julv Site
DUH CoMu, BLKI 9, 14, 17, T7-20% 2+, 12, 15; 1017* A
SPEC (I-4) coMu, BLKI 11-12, 14-15, 7, 26° 1+, 10, 13, 16 XV
LKA BLKI 10, 13, 18, 23° 1%, 11, 15 I
BKAS BLKI 13, 16, 18, 23+ 1+, 12, 15 I
BKAN BLKI, COWUJ 13, 16, 18, 23 1*,12,15 |
HOKN coMu, BLKI 12, 16, 18 11, 14, 16 c
TITI BLKI 12, 16, 18 11, 14 c
OBLI BLKI 12-13, 15, 18 11, 14 D

*35-mm time-1apse cameras continuously sanpled (hourly)

respectively.

“Sampling on these dates was conducted by usFws personnel

during these 14- and 8-day periods,



(bservers at production plots were not conceal ed; the average
di stance over which observations were made varied from about 5-15 m. On
the initial visit to a plot, a sketch map of it was drawn; during this
initial visit, and all subsequent visits, the locations and contents of
kittivake nests and nurre egg sites were nunbered and nmarked on the sketch
map (or a copy of it). Mich effort was expended during each visit to
determne the contents of black-legged kittiwake nests, and the presence
of eggs on ledges occupied by common nurres. The anmount of time spent by
an observer at a productivity plot was dependent on 1) the species being
wat ched, 2) the amount of help available to watch the plot, 3)the weather
conditions during the census period (see Appendix 3for a summary of the
Cape Peirce Weat her during June and July), and the behavior of the birds
being watched. Sone censuses required less than an hour, others required
5 or 6hours. The average tinme spent watching at conmon nurre
productivity plots at Cape Peirce was 3.6 +0.5 h (n = 20 watches); the
average time spent watching at black-legged kittiwake plots was 2.2 =+
1.3 h(n= 20 watches). No cornorants were present on nost productivity
plots at Cape Peirce, therefore they have not been considered in this
chapter. An attenpt was nmade during each census of a productivity plot to
count all adult murres and kittiwakes present at the beginning of each
hour of observation. Each productivity plot was photographed several
times during the June and July study periods to provide docunmentation of
the area being censused and the overall distribution of birds and
nests/sites on each plot.

An inventory (visual estimates of numbersof birds present) of the
entire Cape Peirce and Shaiak |sland seabird col onies was conducted from a
boat during a period of cal msaon 10 June; also on this date, 35 mm
col or photographs were taken of the entire mainland portion of the Cape

Peirce Seabird colony.

RESULTS

The results of Likelihood Ratio Tests indicated no significant
di fferences in 1984 estimates of productivity or reproducti ve success of
key seabird species nesting in separate elevational Strata or in separate
plots on either St. orge Or St. Paul islands in the Pribilofs and no

208



significant differences among plots at Cape Peirce (Appendices 4-6). As a
result, all nmeasures of productivity for each strata and plot have been
pooled; a single value is presented for each key species at each col ony
that was studied in 1984.

Pribilof | sl ands

Bl ack- | egged Eittiwake

Bl ack-1 egged kittiwakes constructed 57 nests in 6 productivity plots
in 3 different strataon St. George Island in 1984 (Table 6). Eggs were
recorded in 32 of these nests and the average clutch size was 1.31 (Table
7). Over half (22; 52% of the 42 black-legged kittiwake eggs recorded in
57 nests on St. George Island were found on first visits (25-26 July) to
of the 6 productivity plots. Hence, nost of the eggs had been laid before
our study began; as a consequence, Wwe were unable to docunment the actual
phenology of egg laying by this species on St. Ceorge Island. Only 8
(19% of the 42 xittiwake eggs hatched in 1984. These were first
recorded during the 22-25 July period; 4 of the 8 chicks were known to
have hatched during this same two-day period. O the 8 chicks that
hatched, 4 were still alive at the end of the study (13 August). An
additional 4 chicks were recorded in nests in productivity plots, although
the eggs from which they hatched were never seen. Including these
additional eggs, the total productivity of black-1egged kittiwakes on St.
George Island in 1984 was about 14% (Table 7).

Bl ack- legged kittiwakes constructed 101 nests on 5 productivity plots
in 2 different strata on St. Paul Island in 1984 (Table 6). [Eggs were
recorded in 21 (20.8% of these and the average clutch size was 1.1 (Table
N* Al 23 kittiwake eggs recorded in 101 nests on St. Paul Island were
recorded during the first 2 visits (14-16 July) to 4 of the 5 productivity
plots. Simlarly, all 4 chicks that hatched fromthe 23 eggs were
recorded on 4 August, the first visit to productivity plots on St. Paul
Island since 16 July. Consequently, very 1little ean be said about the
phenology Of hatching of this species on St. Paul Island. O the 23 eggs
recorded on productivity plots, only 4 (17% hatched and only 2 of these
chicks were alive at the end of the study-on 13 August; an additional &
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Table 6. Breading performance of black-legged kittiwakes at the Pribilof Islands, Al aska, 1984,

Status at End of Study (13 August)

Eggs Chi cks

ITIand and Total # Fate of Clutch Size SUITT

Plof Nest Attempts Nest Known 0 _1 _2 |Hatched®* [Failed Unhatched 2  Alive® Dead Other®
St. Georze
High Bl uff” 1 1 0 0 0 0 o 0 0 0
Zapadni 1 1 6 1 8 0 0 1 0 0 0 0
Far Cove Across 15 13 6 5 2 1(1 8 0 111 0 0
Doubl e Cave Cove 10 8 y 2 2 3 3 0 1 2 (N 1 0
Murre Plot 2 2 ‘o 2 0 1 2 0 ] 0 1 0
BLKI Cove 28 24 6 126 3(3 21 0 1 9 (2 2 1
ALL PLOTS 57 19 7 22 10 T8 (5)° 34 1 3 §(&F w0 -T-
St. Paul
Tsammana 50 49 3% b3 12 1 1 0 1(1) 1 0
Rush Gap Nerth ! 1 0 0 | 0 0 0 0
Rush Gap Looking

NE 25 2} 22 2 0 0 (1) 2 0 o 0 0 1
Qun Emplacement 16 13 11 1 1 o(3 0 0 0 o0 (3 0 0
SW 29 9 5 2 3 0 271 ! 0 3 1 1 i
ALL PLOTS 101 92 71 19 2 Tu(6)F 18 1 3 2 (4 "2 2
ALL PLOTS . IR -
BOTH | SLANDS 158 141 88 41 12 12 (11)* 52 2 6 6 (8)r 6 3
#Chicks still alive that hatched fromeggs that were undetected, are in parentheses in the 'Alive’ colum. The eggs

(inferred) from which these live. chicks hatched (Plus any others that died) are in parentheses in the ‘Hatched colum,
#£10ther' ifcludes unknown and mssing chicks.
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Table 7. Productivity of black-1egged kittiwakes at St. Ceorge Island, Pribilof |slands, Al aska,

1976- 1984*,

1976 1977 1978 1979 J980 1981 1984
x clutch size 1.42 1.46 1.20 - - 1.37 1.31
Nn= # nests wth eggs 19 78 68 59 32
Hat chi ng Success (# chicks hatched .70~ 73- o 57- .38~ .19-
per # eggs 1laid) .93 .94 7 ST .28
Fl edgi ng Success (# chicks alive 6Q- 41— .51- A1- . 50-
at end of study/# chicks 79 .53 72 .23 .62
hat ched)
Reproductive Success (# chicks alive .78 (¥ .61 .09 19
at end of study/# eggs |aid)
Productivity (# chicks alive . . 62 45 22 40 .38 ,.07 14
at end of study/# nest
attenpts)
95% Confidence Interval of Reproductive 62~ .35- .50- .03- .07-
Success .93 .53 72 15 31
95% Conf i dence Interval of 45- .36- 17- .32 .29- .02 : 05-
Productivity Estimte .78 .55 27 48 AT 12 .23
n = # nest attenpts (platforns) 34 110 229 146 106 102 57

® 1976-1978 data are from Hunt et al. (1981) and Hunt (unpub. dat a}; D. Lloyd cal cul ated the 1979
productivity value fromdata collected by Hunt and co-workers; 1980-1981 data are from D. Lloyd

(unpub. data).



chicks were recorded in nests on productivity plets, al though the eggs
from Which they hatched were never seen. Including these 4 additional
eggs, the productivity of bl ack-1egged kittiwakes on st. Paul Island in
1984 was 6% (Table 8). Overall productivity for this species on the
Pribilof |slands (St. George and st. Paul) in 1984 was about 9%

Red- legged Kittiwake

Red- legged kittiwakes constructed 149nests in the6 productivity
plots in 2 different strata on St. George Island in1984 (Table 9). Eggs
were recorded in only 41 (20% of these nests; eluteh Size was 1. Most
red-legged kittiwake eggs (31 of 41; 763%) recorded in the 149 nests were
laid before detailed productivity counts were initiated (25 June-13 July).
As a consequence, determnation of a nmeaningful schedule of egg |aying by
this species on St. George Island Was not possible.

Only 3(7%) of the 41eggs laid by this species hatched; a1 3 chicks
were still alive at the end of the study. An additional 16 chicks whose
eggs were never seen also were recorded on the productivity plots and were
alive at the end of the study. Plots were visited too few times during
the hatching period to enable a precise determnation of 'hatching dates on
either island. However, on St. Ceorge, chicks were first recorded in
nests during the 20 July-12 August period, andon St. Paul during the 15
Jul'y-4 August period; 1 chick was known to hatch on 15 July on st. Paul
Island. ~ The overall productivity of red-legged kittiwakes on St. George
Island in 1984 was 13% (Table 10).

On St. Paul Island, red-legged kittiwakes built 39 nests in the4
productivity plots in2 separate strata (Table 11). [EQQgS were Seen in
only six of these 3gnests and the average clutch size was 1.00. Two
(33%) of these 6eggseventual |y hatched but none were alive at the end of
the study. However, 4 other chicks, whose eggs were never seen, were
recorded in nests on plots; all 4 of these chicks were alive at the end of
the study. Including these 4 chicks, the productivity of red-Iegged
kittiwakes on St. Paul Island in 194was 10%

The overal | maxi mum productivity of red-legged kittiwakes on the
Pribilof | sl ands (St. George andSt. Paul) in 1984 was 129%23/188, Table

9)*
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Table 8. Productivity of black-legged kittiwakes at St.
Al aska, 1975-1984%,

Pribilof | sl ands,

Paul

| sl and,

x clutch size
n = # nests with eggs

Hat chi ng Success (# chicks
hat ched/ # eggs | ai d)

Fl edgi ng Success (# chicks

alive at end of study/ #
chi cks hat ched)

Reproductive Success $#
chicks alive at end o
study/# eggs |aid)

Productivity (# chicks
alive at end of study/#
nest attenpts)

95% Confi dence I nterval of
Reproductive Success

95% Conf i dence Interval of
Productivity Estimte

1975  Lorer - 1977 197y 1979

1.42
85

.60-
.82

AT-
.64

.67

.44

.59-
.75

o 37-
51

n= # nest attenpts (platfornms) 185

1.49
70

72-
.88

.57-
.69

.63

0 52

o 54-
73

A43-
.61

127

1.52
102

. 99-
.85

052"‘
14

44

43

.36-
.52

.36-
51

157

1.33
110

T4-
.84

.58-
.66

.50

.36

42-
.58

29=
43

203

1.47
87

13-

.88

.50-

.60

o 66

.94

.58-

.75

46-

.62
158

1 OR!_.I

1.10
21

17-
.35

. 50-
.60

. 26

.06

. 08-

.0l-

106

e 1975-1979 data are from Hunt et al. (1981) and Hunt (unpub. data).
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Table 9. Breeding performance of red-legged kittiwakes at the Pribilef |slands, Al aska, 1984.

Status at End of Studv (13 August)

EpgS Chicks

Island and Total # Fate of clutch Sizo SUITI
—Plot _  Name  Nest Attempts  Nest Kmown .0 1_ 2 Hateched® Failed Uphateched 2 Alive* Dead Other
‘St. George
H gh Bl uff 103 88 62 26s0 3 (1) 21 2 b 3 (o 2
Far Cove Across 7 6 1 5 0 0 (1 5 0 o o 0 l
Doubl e Cave Cove 19 10 6 4 o g(5 y 0 4 o0 (5 0 0
RLKI Alcove 14 12 9 30 0]1 3 0 1 0 El? 0 0
Murre Pl ot 4 4 2 2 00 2 0 0o 0 0 0
BLKI Cove 2 “ 1 0 1.0 0 (1) 1 0 o 0(1 0 0
ALL PLOTS 149 124 80 W1 0 3 (19) 36 2 9 3(16) o 3
3. Paul
Tsammana } 4 3 10 0 1 0 0 0 0
Rush Gap
Looki ng NE 9 9 8 1 0 1 0 0 o 0 0
Gun Enpl acenent 24 14 11 3 0o 1(5 2 0 5 0(4 1 1
SW 29 2 2 1 10 0 0 0 o 1 0
ALL PLOTS 39 29 2360 25 3 I 5 0@ 2 1
ALL PLOTS - - -
BOTH | SLANDS 188 150 103 47 O 5 (24) 39 3 1 3 (20) 2 4
e Chicks still, alive that hatched from eggs that were undetected are in parentheses in the 'Alive' colum.  The eggs (Inferred)

from which these live chicks hatched (plus others that died), areinparentheses in the 'Hatched’ col um.



Table 10. Productivity of red-|egged kittiwakes at St. Ceorge,

1976- 1984*.

| sl and, Pribilef | sl ands,

Al aska,

x clutch size
n= # nests with eggs

Hat ching Success (# chicks hatched/
eggs |aid)

Fl edgi ng Success (#chi cks alive

at end of study/ #chicks
hat ched)

Productivity (# chicks alive
at end of study/ # nest
attenpts)

95% Conf i dence Interval of
Productivity Estimate

n = # nest attempts (platforms)

1976 lemm 1978 3979 1980 3981

1*00
39

.79-
.87

076"‘
.84

.30—
45

.20~
-39

88

1.00

168

.78-

.85

e 79-

.86

0 5

.48-

.61
240

1.00

72

.57-

.81

.53-

.76

13

.09-

.18

235

.18

.28
52

.07-

o W

. 19-
.35

123

1.00
31

A45-

.87

o 33-
.64

A1

.04-

.18

79

1.00
41

007"
.37

. 86
1. 00-

13

-07-
.18

149

#1976-1978 data are from Hunt et al. (1981) and Hunt (unpub. data); D. LIoyd calculated the 1979
productivity value fromdata collected by Hunt and co-workers; 1980-1981 data are fromD. Lloyd

(unpub, data).
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Table 11. Productivity of red-1egged kittiwakes at St. Paul Island, Pribilef |slands, Alaska, 1975-
1984*,

1975 1976 1977 1978 1979 1984
% clutch size 1.00 1.00 1.00 1.00 1.00 1.00
N= # nests wth eggs 23 56 57 24 24 6
Hat ching Success (# chicks hatched/ -78- . 88- . 82- ¢ 54- . 63- .33
eggs |aid) 91 093 991 o7 71 . 64
Fledging Success (# chicks alive at .81- . 92- .81~ . 65- . 76- 0.0~
end of study/ # chicks hatched) X .98 .89 .85 87 *57
Productivity (# chicks alive at .34 .63 .54 .10 .34 .09
end of study/ # nest attenpts)
95% Confidence Interval of .21- 52~ 43— .0k~ 21- 01-
Productivity Estimte U7 14 .65 15 .46 .18
n= # nest attenpts (platforns) 50 76 78 112 56 39

e 1975-1979 data are from Hunt et al.

(1981) and Hunt (unpub. data).



Thick-billed Mirre

The average nunber of adult birds recorded on the 3murre productivity
plots in the 2 strata sanpled on St. George Island was 126, and the total
nunber of eggs recorded on these sane plots was 104 (Table 12). The
schedul e of appearance of 60 eggs on three plots is shown in Table 13. The
fates of’ 49 (47% of the 104 total eggs were unknown or uncertain. The
fates of 55 eggs were certain, and 42 (73% of these hatched (Table 12).
At least 40 of the 42 chicks that hatched were still alive at the end of
the study (13 August) and an additional 26 chicks were recorded at sites
where eggs were never seen. Thus, a total of 66 thick-billed murre chicks
were alive at sites on productivity plots on St. George Island at the end
of the study. This represents a reproductive success for this species of
33-72% depending on which nmeasure of productivity is chosen (see Table
14).

The average number of adults counted on 5 nurre productivity plots on
the2 strata sanpled on St. Paul Island was 14 and the total nunber of
eggs recorded on these plots was 129. The fates of 102 (79% of these
eggs was unknown or uncertain. The fates of 27 eggs were certain; only 6
(229 of these hatched. Four of the 6 chicks that hatched were stil
alive at the end of the study and an additional 3 chicks were recorded
whose eggs were never seen. Thus, the reproductive success of thick-
billed murreson St. Paul Island in 1984 was 3-15% depending on which
neasure of productivity is considered (Table 15).

The overall reproductive success of thick-billed nurres on the .
Pribilof |slands (St. CGeorge and St. Paul) in 1984 was 26.8% (this value
was cal cul ated by pooling data fromboth islands).

Cape Peirce
Bl ack- 1 egged Kittiwake
Bl ack- | egged kittiwakes built 275 nests in 11 productivity plots at
Cape Peirce in 1984 (Table 16). Eggs were recorded in only 99 (36% of

these nests and the mean clutch size of nests with eggs was 1.35. Most
of the kittiwake eggs (109 of 134; 783%) were laid before the 10-13 June
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Table 12. Breeding performance of thick billed murres (Uria lemvia) at t he pribilor Islands, Alaska,June-fugust, 1984.

—..Status at End of Study (13 Augugt 0843

Eges Chi cks
I'sl and X # Adults Total # # Bggs Of Still
gnﬁ)gti Eggs Recorded Kngxgxé)m Hatched® Failed Unhatched 22 —Alive®*  Dead
St. George
Murre Pl ot 73 54 31 26 (24) 3 2 23 24 (20) 2
BLKI Cove 12 12 5 3 (2 2 0 3(2
ZAPADNI ] 38 19 13 (7) 5 1 19 13 &4% 0
ALL PLOTS 126 104 55 52 (33) 10 3 “u9 40 (26) 2
St, Paul
GQun Enpl acenent 1 1 0 0 0 0 1 0 0
Rush Gap North 43 41 12 2 (3) 5 5 29 1(1 1
Rush Gap
Looki ng NE 48 44 0 0 0 0 hy 0 0
SW 29 31 24 7 2 (2) 1 4 17 2 (2) 0
Sswe 23 19 8 2 5 1 11 1 1
ALL PLOTS 146 129 21 6 (5) 11 10 102 43 2
ALL PLOTS
BOTH | SLANDS 272 233 82 48 (38) 21 13 151 44 (29)%¢ 4

#S5ites 0O unknown or undefermned status, including sites where eggs were Seen once or more.but Tthéir fates were never
determned. Eggs fromthis category, along with those undetected (but logically inferred) from which chicks hatched are in
parentheses in the r'Hatched' colum. Chicks that hatched from eggs that were undetected are in parentheses in the 'Alive’
col um.



Table 13. Schedule of first appearance of 60 thick-billed nurre eggs on
three productivity plots on St. Ceorge Island, Al aska, 25 June-
29 July, 1984,

Sampling |nterval New Eggs (S rst Ti

Interval Date visit # F 3
I 25-2' 7 June ! 12 20

N 3July 2 18 30

[1] 7-11 July 3-4 11 18
Iv 19-23 July 5 10 17

v 25-29 July 6-7 9 15

-V 25 June-29 July 1=7 60 100
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Tabl e 14, Productivity of thick-billed nurres at St. George Island, Pribilef |Islands, Al aska, 1977-

1984*.
B 1984 %#
Measure of Productivity 1977 - 1978 1981 A B _c

Nunber of Eggs 51 90 88 126 104 55
Hat chi ng Success (chicks hatched/ ¢ 59- .61- .65- .60 73 .76
estimate of # of eggs laid) .84 .70 .88
Fl edging Success (# chicks alive .35~ .T0- el7- .88 .95
at end of study/ # chicks .97 .86 . .23
hat ched)
Reproductive Success 5# chicks . 29- 49-  15- -33- .38 .5
al1ve at end of study/estimte of 57 .52 .16 .52 .63
# of" sites occupied) :
95% Confi dence Interval of M ninmum .17- -39- .0'1- .23-
Estimte of Reproductive Success A2 .59 .22 .o
n = # chicks alive at end of -15-29 C44-47 -13-15 40-66 40-66 40
study”
*1977-1978 data are from Hunt ef al.(1981);1981dataare from D. L| oyd (unpub. data?. o
e *Three different estimtes based on different measures of productivity; see Table 12 1O Origin O

A B, C
+Studies ended after fl edgi ng during1977,1978 and 1981,and before fledging (m d-August) during
1984, therefore results are not directly conparabl e among years.
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Table 15. Productivity of thick-billed murres at St. Paul Island, Pribilof |slands, Al aska, 1976«

1984%,

198y %%

- Measure of Productivity 1976 1977 1978 A_ _B_ _C
Number of Eggs 47 102 114 146 129 27
Hat chi ng Sucees (# chi cks hatched/ .85 .66~ 74- .04~ .05~ oo
estimate Of # of eggs |aid) .84 .79 .08 .09
Fl edgi ng Success (# chicks alive 85  A42- LT .64 .67
at end of study/# chicks .84 91
hat ched)
Reproductive Success (# chicks alive 79 .35~ 61— .03- o003 15
at end of study/estimte of # ' .22 .68 .05 o 05
sites occupied)
95% Confidence Interval of M ninmum «59= .26~ .53~ <0.1-
Estimate of Reproductive Success .85 .45 .70 .05
n = # chicks alive at end of 34 36- 63 70-78 4-7 4-7 4

studyt

#1976-1978 data are from Hunt et al.

(1981) and Hunt (unpubl., data).

¥#Three different estimtes based on different neasures or productivity, see Table 12 fOr Origin O

A Band C

+Studies ended after fledging in 1976-1978 and before fledging (md-August) during 1984, therefore
results are not directly conparable anmong years.
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Table 16. Breeding performance of black-1egged kittiwakes at Cape Peirce, Al aska, 1984.

Status at End of Studv (16 Julv)

Eggs Chi cks
Total #* Fate of Cutch Size
Pl ot Name Nest Attempts Nest Known 0 _1 _2 Hatch [Failed Alive Dead
BKAN 29 29 14 7 8 0 23 0 0
BKAS 10 10 4 2 4 0 10 0 0
LKA 55 55 50 4 1 0 6 0 0
SPEC (R 69 69 48 15 6 0 27 0 0
SPEC (M 17 17 7 8 2 0 12 0 0
SPEC (L) 13 13 7 6 0 0 6 0 0
OBLI QUE (R) 21 21 15 4 2 0 8 0 0
OBLI QUE (T) 16 16 % 0 0 0 0 0 0
OBLI QUE (L) 22 22 10 8 4 0 16 0 0
TITI 12 12 4 4 4 0 12 0 0
HOKN 11 11 1 6 & 2 12 1 1
ALL PLOTS 275 s 176 64 35 2 132 1 1

$Platforms constructed.



period when detailed productivity counts were first made at Cape Peirce.
O the 134 eggs laid, only 2 (1.5% hatched; these 2 chicks were present
in different nests on 1 plot when we arrived on 11 July for our second
visit to the colony. Wen all nests were |ast checked on 16 July, only 1
chick remained alive.

Overal | productivity of black-legged kittiwakes on plots at Cape
Peirce in 1984 was less than 1% (Table 17). An additional census of 150
random y selected bl ack-1egged kittiwake nests at the tip of Cape Peirce
(in the center of the colony) on 14 July revealed only 2 live chicks
(1.39) and no nests with eggs.

Common Murre

In 1984, 190 common nurre eggs were seen on 7 plots where an average
of 487 adults were recorded (mean for all seven plots on all days sanpl ed)
(Tabl e 18). The fates of 29 of the 190 eggs were unknown or uncertain;
the status of the remaining 161 eggs, as of the end of the study (16
July), is shown in Table 19. The schedule of first appearance of common
murre eggs at Cape Peirce i S shown in Table 20. Over 86% (164 of 190) of
alleggs recorded at murre productivity plots were seen during the first
three visits to each plot during the 10-day period, 9-18June. The
remai ning 26 eggs appeared during July; some of these eggs no doubt were
repl acements for eggs lost during June.

Sear ches comenced on 11 July and ended on 16 July for conmon murre
chicks on 6 plots where eggs had survived during our first visit to Cape
Peirce (6-20 June); some information on productivity was gathered for 5 of
6 nurre productivity plots on 1 and 2 July by usFWs personnel at Cape
Peirce. Ofthel8 chicks recorded during July, 5 hatched bvetween 13 and
16 July and 5 others hatched between 2 and 16 July. Information on the 8
other chicks was insufficient to determne (wthin reasonable limts) when
they hatched.

It is probable that some of the 45 conmbn murre eggs remaining at
stesont € | ast day of our study (16 July) eventually hatched. The
estimte of conmmon murre. hatching success at Cape Peirce is therefore a
m ni mum val ue. Nevertheless, the fate of over half of the total eggs, and
eggs of known status, were determ ned before the study ended and a |arge
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Table 17. Productivity of black-legged kittiwakes at Cape Peirce, Al aska,
1970- 1984,

1970% 14976 1981 = 1984

X ecluteh Size 10 43** 1.64 1.35

n=# nests V\ﬂth eggs 209 99
Hat chi ng success (# chicks hatched/ . 39+ 59 .01
# eggs laid)

Fl edgi ng success .63 .16 .50
(# chicks alive at end of study/#

chi cks hat ched)

Reproductive Success (# chicks A6++ 14 <.01
alive at end of study/# eggs .

lai d

Productivity .15 .25 .16 <.01
(# chicks alive at” end of study/#

nest attenpts)

95% Confidence Interval of 11- .00-
Reproductive Success .18 .02
95% Confidence Interval of . 06- .23- 12- .00-
Productivity Estimate .24 27 20 .01
n (# of nest attenpts) . 6 0 1986 308 275

#1970 data are from Dieck and Dick (1971), 1976 data are from petersen and

Sigman (1977), 1981 dat? are fromD. Lloyd (unpub. data). _
##This value was calculated Trom a subsample Of 4% nests (W th 63 eggs) in

only two plots.

+This value is not directly conmparable to other neasures of hatching
ﬁuccr?sg; it is the proportion of nests (772; 38.9% from which some eggs
at ched.

++Thi s value was calculated from a subsample of 50 nests with eggs (50 x
1.43 = 72 eggs) and 33 live chicks at the end of the study in only two
plots. Thi's value is not directly conparable to the 1981 and 1984
val ues, therefore it has not been included in Likelihood Ratio and

Bonferroni COMparisons in Appendix 7.
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Table 18. Breeding performance of common murres (Uria aalge) at Cape Peirce,Alaska, June-Jduly, 1984,
Natus af ENC O study (16 Julv)

X # Adults # Eggs of —Chicks

on Plots Total # Eggs Known Fate Still
Plot Name (A (B) (c) Hatched* Failed Uphatched 2*  Alive* Dead
DUH 177 71 55 12 (3) 28 15 16 12(3) O
HOKN 169 57 48 2 31 15 9 ! !
SPEC (L) 34 16 16 4 8 y 0 4 0
SPEC (R 35 13 13 0 10 3 0 0 0
SPEC (M 56 19 16 4 (1) 5 7 3 4 (1) o
SPEC (B) 3 7 7 0 7 0 0 0 0
BKAN 13 7 6 0 5 | | o @ o
AL PLOTS 487 190 161 22 (5) Y 15 29 2T (5 1

o Sites of unknown status.

colum; these chicks were alive at the end of the study.
In parentheses in the ‘Hatched column.

Chicks that hatehed from eggs that were undetected are in parenthesesin the ‘Alive'
The eggs (inferred) from which these chicks hatched are



‘fable 19. Productivity of common murres at Cape Peirce, Al aska, 1976-

1984+,
8

——Measure of Productivity 1976 1981 = A L - G -
Nunber of Eggs 4500 290-302 487 190 161
Hat chi ng Success (# echicks hat ched/ .44-*96 .06 .14 .14
estimate of # eggs laid)
Fledging Success (# chicks alive . 18-. 46 .95 .96
at end of study/# chicks
hat ched)
Reproductive Success (# chicks J17-.31 : 14 .13
alive at end of study/# of
eggs laid)
Productivity*** (# chicks alive .20 15 .05
at end of study/# of nest
attenpts)
95% Confi dence Interval of «19= .11~ .03~
Productivity Estimate .21 .19 .07
n = # of chicks alive at end of 26 26 21
st udy

e 1976 data are from Pet er sen and Sigman (1977): 1981 data are fromD.

LI oyd (unpub. data). . o
e *Three different estimtes based on different neasures of productivity;

see Table 18 for origin of 4, B and C
e **Studies ended after fledging in 1976 and 1981 and before fledging (mid-

July) in 1984, therefore results are not directly conparable anong
years; see discussion in text.
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Table 20. Schedule of first appearance of 190 common murre eggs on SiX
productivity plots at Cape Peirce, Al aska, 9 June-16 July,

1984,
Sampling Interval Mw Eegs (Seen for First Time)

| nt erval Dat e Visit # & %,
I 9-13 June 1 68 35.8
| 14-16 June 2 65 34.2
|11 1'7-18 June 3 31 16.3
Iv 1-16 July 4-6 26 13.7
-1V 9 June- 16 July 1-6 190 100.0
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proportion of these (94 of 190 or 161; 49.5% or 58.4%, respectively)
failed. O 116 eggs whose status had been determ ned by 16 July, only 22
(19% natehed. |f this rate of hatch is applied to the 45 unhatched eggs,
31 of 161 eggs of known status (16% of the total 190 eggs) would hatch,
and 6% of the 487 occupied sites would have chicks. G ven this hatching
scenario, one would expect the overall production of commn murres at Cape
Peirce t0 be somewhat 1less than 6%during 1984.

On 144duly, 185 randonl y-sel ect ed murres were observed on nesting
|l edges at the tip of Cape Peirce (in the center of the mainland colony); 1
adult Wwas seen incubating an egg, 8 adults were attending chicks, 125
adults appeared to be incubating (were standing in incubation posture), 49
adults clearly were not incubating, and 2 eggs appeared to be abandoned.
Based on this ancillary information, the productivity of nurres in the
relatively inaccessible center of the eolony, near the tip of Cape Peirce,
I's about the sane (4%) as that conputed from censuses of productivity
plots at other |ocations.

Dl SCUSSI ON
Pribilof | sl ands

Li kel i hood Ratio Tests (LRT) indicate statistically significant
differences in black-1egged kittiwake hatching success and overall
productivity among various years on both St. George and St. Paul islands
(Table 21). More detailed conparisons of individual years indicate that
1984 was | ow on St. George Island. On St. Paul Island, both of these
measures were significantly lower in 1984 than for any of the other five
years when data were available for this species.

LRT anal yses indicate a statistically significant difference anong
various years for hatching success of red-legged kittiwakes on St. George
I'sland; no such difference (in hatching success) among.years was found an
St. Paul Island (Table 22). In contrast, statistically significant
differences anong years were detected for overall productivity on both St.
Ceorge and St. Paul islands. Mre detailed inter-year conparisons of both

St. CGeorge and St. Paul data indicate that 1984 was anmong the poorest
years for overall productivity on both islands.
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Table 21. Various estimates of black-|egged kittiwake productivity on the
Pribilof |sl|ands, Al aska,1975-1984, with results of Likelihood
Rati o Tests and Bonferroni nultiple conparisons. (See Appendix
7 for a simlar statistical treatment and conparison of
reproductive success for black-legged kittiwakes on St. George
and St. Paul, and Cape Peirce.)

Sl. George Island

LRT Statistic for Hatching Success#®:25.1; p<0.0001

Year 1984 1981 1978 1976 1977
N 42 81 82 27 114
Estimte of Hatching Success .19 .38 .57 70 o7
o
LRT Statistic for Precductivity®#*: 42.3; p<0.0001
Year 1981 1984 1978 1980 1979 1977 1976
N 102 57 229 106 146 110 34
Estimte of
Productivity .07 14 .22 . 38 .40 .45 .62
St. Paul Islapd
LRT Statistic for Hatching Success: 18.5; p=0.002
Year 1984 1977 1975 1976 1979 1978
N 155 121 104 128 146
Estimate of Hatching Success T .59 .60 12 13 14
LRT Statistic for Productivity: 4“4.9; p<0.001
Year 1984 1978 1977 1975 1976 1979
N 106 203 157 185 127 158
Estimate of Productivity .06 . 36 43 .44 .52 54

*Hatching SuCCesS: # eqggs hatched/# eggs | aid. '

® *Productivity: # chicks alive at end of study/# nest attenpts (platforns
construct ed{ . _
+Underscoring desi gnates estimtes that are not significantly different
from each other (p varies from 0.025 to 0.003).
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Table 22. Various estimates of red-1egged kittiwake productivity on the
Pribilof |slands, Al aska, 1976-1984, with results of Likelihood

Ratio Tests and Bonferroni nultiple comparisons

St. Georsze Island
LRT Statistic for I-latching Success*: 42.2; p<0.0001

Year 1984 1981 1978 1977 1976
N . b1 31 72 168 39
Estimate of Hat ching Success .07 45 .57 .78 -79,
LRT Statistic for Overall Productivity*" 68.8; p<0.0001
Year 1981 1984 1978 1979 1980 1976 1977
N 79 149 235 52 123 88 240
Estimte of
Productivity .11 13 13 .18 21 .30 .54
St. Paul Island
LRT Statistic for Hatching Success: 9.3; p=0.0976
Year 1984 1978 1979 1975 1977 1976
N . 6 24 24 23 56
Estimate of Hat chi ng Success 033 054 .63 .18 o .88
LRT Statistic for Productivity: 43.7; p<0.0001
Year 1978 1984 1979 1975 1977 ‘1976
N o 112 39 56 50 78 76
Estimate of Productivity .09 .10 *34 .34 .54 .63

*Hatching success: # eggs hatched/# €ggs laid.

**Productivity: # chicks alive at end of study/# nest attenpts (platfornms

constructed).

+Underscoring designates estimates that are not significantly different

from each other (p varies from0.025 to 0.003).
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LRT analyses indicate a statistically significant difference anong
years in estimates of both hatching success and overall productivity of
thick-billed nurres on St. George Island (Table 23). Mre detailed inter-
year conparisons indicate that the estinmate of hatching success in 1984
was | ower than had been recorded in the three years when simlar studies
had been conducted on this island. Although it was not statistically
| ower than during 1977, when hatching success also Was very 1oW, it was
significantly lower than during both 1978 and 1981. Simlarly, although
the value for overall productivity of thick-billed murresen S Ceorge
wasSITEI | r than'recorded in 1978, it was not significantly different from
productivity values for any of the three other years when studies of
thick-billed nurres were conducted on St. George.

On St. Paul Island, LRT analyses and nulti-year comparisons indicated
that 1984 was by far the poorest of four years for which data exist on
thick-billed murre hatching success and overal |l productivity (Table 23).
Crai ghead and oOppenheim (1982) speculated that disturbance of nesting
seabirds by human visitation on St. Paul may be responsible for depressed
reproductive rates over the past several years there.

Cape Peirce

Li kel i hood Ratio Tests and multi-year conparisons of black-|egged
kittiwake hatching success and overall productivity indicated that 1984
was by far the poorest of the four years for which data exist at Cape
Peirce (Table 24). The 1984 value for overall productivity was
statistically” very nuch smaller than the very low value for 1970,

At Cape Peirce we were concerned that all of the black-Iegged
kittiwake productivity plots may have been too far fromthe coreof the
colony, i.e., at the periphery of the colony where others working wth
kittiwakes (Coulson 1968) found the quality (productivity) of birds to be
poor. Therefore, on 14 July we clinbed to a difficult vantage point above
Cape Peirce proper, and using a spotting scope, we examned the contents
of 150 arbitrarily selected kittiwake nests. As nentioned in the
*RESULTS' section, this inspection revealed only 2 live chicks and no
nests with eggs. Thus, ourkittiwake productivity plots appeared to be
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Table 23. Various estimates of thick-billed murre productivity on the
Pribilof |slands, Alaska, 1976-1984, with results of Likelihood
Ratio Tests and Bonferroni multiple conparisons.

St. George Island
LRT Statistic for Hatching Success*: 13.8; p=0.001
Year 1984 1977 1978 1981
N 126 51 90 88
Estimate of Hatching Success .60 .59 .61 .65
+

LRT Statistic for Productivitys*: 12.5; p=0.002

Year 1981 1977 1984 1978
N 88 51 126 90
Estimate of Productivity .15 .29 3l .49
St. Paul Island
LRT Statistie for Hatching Success: 107.1; p<0.001

Year 1984 1977 1978 1976
N ' 146 102 114 47
Estimate of Hat ching Success .04 . 66 14 .85

LRT Statistic for Productivity: 77.0; p<0.0001

Year 1984 1977 1978 1976
N 146 102 114 47
Estimate of productivity .03 .35 .61 T2

*Hatching success: # chicks hatched/total # eggs laid (z # adults in

plots during censuses). _ _
**Productivity: #chicks alive at end of study/# breeding pairs (x #

adults in plots during censuses). L _
+Underscoring designates estimates that are not significantly different

from each other (p varies from0.025 to 0.003).
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Table 24. Various estimtes of black-legged kittiwake and conmon nurre
Eyoduptivity at Cape Peirce, Al aska, 1970-1984, with results of
i kel i hood Ratio Tests and Bonferroni multiple conparisons.
(See Appendix 7 for a simlar statistical treatment and
conparison of reproductive success for black-legged kittiwakes
at Cape Peirce.).

B - Ki ake

LRT Statistic for Hatching Success: 84.2; p<0.0001

Year 1984 1981
N _ 134 343
Estimte of Hatching Success .01 .59

LRT Statistic for Productivity: 72.4; p<0.0001

Year 1984 1970 1981 1976
N o 275 60 308 1986
Estimate of Productivity <0.01 .15 16 .251
Common Murre

LRT Statistic for Hatching Success: 13.9; p<0.0001

Year 1984 1981
N _ 487 290
Estimate of Hatching Success* .06 44

LRT Statistic for Productivity: 41.1;, p<0.0001

Year 1984 1981 1976
N o 487 302 4500
Estimte of Productivity** .05 .15 .20

*Hatching success: 4 chicks hatched/total # eggs |aid. -

**Productivity:  #chicks alive at end of study/# breeding pairs (x #
adults in plots during censuses).

+Underscoring desi gnates estimates that are not significantly different
fromeach other (p varies from0.025 to 0.003).
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representative of the colony; overall productivity in 1984 was nearly

Zero.
Al though field work at Cape Peirce ended before the peak of hatching

on at least one commn murre productivity plot, results from other plots
where the peak was observed indicated that murre productivity was low in
1984. More rigorous statistical analyses (Likelihood Ratio Tests) and
nul ti-year conparisons (Bonferrani Tests) of common murre hatching success
and overal |l productivity indicated that, aswas the case with black-I|egged
kittiwakes, 1984 was the poorest of the three years for which data are
avail abl e (Table 24)

One of the major inefficiencies of any study of murre productivity is
the anmount of time spent watching birds on plots to determ ne whether or
not a site is occupied by a breeding bird, e.g., whether an egg or chick
is present at the site. Many investigators sinply use the average nunber
of adults present on the plot as an estimte of the nunber of occupied
sites (Hunt et al. 1981). This approach biases productivity estimtes
downward because not all adults at sites breed. In this study we tested
the useful ness of a detailed conputer analysis of hourly attendance data
collected by tinme-lapse 35-nmcaneras at a common wmurre pl ot (DUH) at Cape
Peirce. This procedure was found to be very useful, but our results were
confounded by several problems. The nmost significant problemwas caused
by some birds obscuring others; when the images were digitized, the sites
occupied by the birds in back were indistinguishable fromthose in front.
The use of 35-nmm time-lapse photography and digitized data anal yses shows
great promse, but great care needs to be exercised when setting up
phot ographi ¢ equi pment to nonitor seabird plots so the type of occlusion
described above does not occur. If the ledges are wide, as they often are
where conmon murres nest, the camera shoul d be nounted opposite and above
the birds if possible.

At |east frour and possibly eight pairs of conmon ravens (Corvus
corax) preyed heavily on eggs of common murres and bl ack-| egged kittiwakes
at Cape Peirece in 1984. It was difficult to determne the inpact of raven
predation on & col ony-w de basis, but they appeared to have a great inpact
on the birds nesting in productivity and popul ation plots at Cape Peirce. .
Recently fledged young ravens often acconpanied adults to the colonies
during feeding trips. During 10 hours of a 24-h count at several
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popul ation plots on 7 June, 36 sightings were made of ravens carrying eggs
away fromthe colony. Forty-six eggs eaten by ravens were picked up along .
a 500 m-long cliff-top transect over a 2-day period. Petersen and Sigman
(1977) al so saw ravens taking large numbers of seabird eggs at Cape
Peirce; they calculated that three pairs of ravens "..could conceivably
destroy 50 nests during one foraging effort.” Although these estinmates of
predation are crude, they suggest that ravens may take |arge nunbers of
seabird eggs under certain circumstances at Cape Peirce. Hatching success
was relatively high in 1981, and ravens, al though present in nunbers
simlar to 1984, appeared to be |ess successful at dislodging kittiwakes
from nests. Also, kittiwakes nobbed ravens more and appeared to be nore
effective at detering ravens in 1981 (D. Herter, pers. 0Ohs.).

On seven occasions during a 5-day period in early June, ravens were
observed scaring |arge nunbers of conmon nurres and bl ack-| egged
kittiwakes from census plots. On several occasions they pulled kittiwakes
off their nests and dragged murres off |edges in order to take their eggs.
Petersen and Sigman (1977) describe simlar behavior by ravensat Cape
Peirce in 1976. There is evidence that such raven predation may influence
breeding site selection by murres (AJ. Gaston, CWS, persS. comm. 1984).

Seabird Productivity in Recent Years in the
Bering/Chukchi Regi on

It is clear fromthe information gathered on the Pribilofs, at Cape
Peirce and at St. Matthew Island that black-1egged and red-|egged
kittiwake productivity in the southern Bering Sea was very poor in 1984,
Bl ack-1 egged and red-|egged kittiwake productivity al so was very poor on
t he Pribilofs in 1983 (Larry Merculief, pers. comm. t O D.G. Roseneau 1984)
and in 1982 (Craighead and Oppenheim 1982): bl ack-1egged kittiwake
productivity was also near zero atSt. Matthew Island in 1982 and 1983
(Springer et al. 198.4a). The last year when kittiwakes were studied at
Cape Peirce was 1981; productivity was alse poor that year. The last year
when good productivity was reported for red-legged and bl ack-1egged
kittiwakes on the Pribilofs was 1977 and 1980, respectively; at Cape
Peirce the | ast reported productive year for black-legged kittiwakes was

1976.
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Very poor productivity was reported in 1984 at all bl ack-|egged
kittiwake colonies in the Bering and Chukehi seas where data are
available. No young were produced at Cape Lisburne (Chukehi Sea), at
Bluff (Norton Bay) or at St. Lawence |sland (Springer et al. 1984a). No
information is available on kittiwake productivity on St. Lawence |sland
or Cape Thonpson in 1983, but data from Bluff and Cape Lisburne (Springer
et al. 1984a:25; Murphy and Springer, unpub. data) indicate fair to good
productivity that year..

The small sanple (4 birds) of thick-billed nmurres nonitored on st.
Paul Island in 1984 makes the very low productivity value (0.03) sonewhat
less reliable than that for nearby St. George Island, where nore birds
(40) were watched and productivity was greater (0.3 1). productivity was
markedly higher on St. George in 1984 than what was recorded by Craighead
and Oppenheimin 1982 (only 1 chick seen). Murre productivity was also
poor on St. Lawence Island in 1984 but has been good on St. Matthew
I'sland since 1982, although thick-billed murres have apparently been less
productive there than common murres, especially in 1983 (Springer et al.
1984a) . Common murre productivity at Bluff also was apparently poor in
1984 (Murphy and Springer, unpub. data).

Productivity has frequently been estimated at seabird coOloOnies as a
way of conparing the general "health" of popul ati ons anong years or, |ess
comonly, as a tool in predicting change in popul ation nunmbers. Attenpts
have frequently been made to correlate observed changes in productivity
Wi th causative nechanisns, and thus to isolate factors that ultimately
control populations (Lid 1981, Fordet al. 1982). Some aut hors (Croxall
and Prince 1970, Lid 1981) have blamed persisting changes in productivity
caused by food supply changes (or other factors), for |ong-term popul ation
changes.

Springer et al. (1984b) suggest that |ong-term changes i n weat her and
climte cause broad-scal e changes in oceanographic conditions and in prey
availability.  They further suggest that such changes nmay affect the
stability of regional, seabird populations in the Bering and Chukchi seas.
The recent depressions in productivity of seabirds in the southern Bering
Sea may be related to such meteorol ogical and oceanographic events.

236



SUMVARY

Estimtes of Dblack-legged kittiwake productivity were very low in
1984 on St. Ceorge (0.14) and St. Paul (0.06) islands and at Cape Peirce
(less than 0.01). Likelihood Ratio Tests indicated that 1984 was anong
the poorest of years for black-legged kittiwake productivity in the
southern Bering Sea. Conparisons of productivity over recent years at
other colonies in the southern Bering indicate that black-Iegged kittiwake
productivity has been depressed for’ three years at many inportant Bering
Sea colonies (St. Ceorge, St. Paul, Cape Peirce, stMatthew and possibly
St. Lawrence).

Red-1egged kittiwake productivity was very low (0.13 and 0.10) on St.
Ceorge and St. Paul island in 1984. Likelihood Ratio Tests indicate that
on St. Ceorge Island, where about 80% of the world popul ation nests,
productivity has been |ow for at |east five years.

Estimates of productivity of thick-billed murres in 1984 were nuch
hi gher on St. George Island (0.31) than on St. Paul (0.03), possibly
because of human disturbance at St. Paul (Craighead and Oppenheim 1982).
Productivity was markedly higher in 1984 on St. George than Craighead and
Qppenhei mrecorded in 1982.

Productivity of common murres at Cape Peirce in 1984 was probably
overestimted because observations ended too early; despite this, the
maxi mum estinmate of productivity in 1984 was only 0.05. Productivity also
was relatively low (0.15) at Cape Peirce in 1981. During our study and
the study by Petersen and Sigman (1977), common ravens preyed heavily on
eggs of common murres and bl ack-legged kittiwakes at Cape Peirce. During
years when productivity is depressed (when breeding birds may be
stressed), ravens may be nore effective predators of eggs and chicks (D.G.
Roseneau, pers. comm. 1984).

Future nonitoring studies should measure productivity until nost
chicks are near fledging. Studies that terminate early (asours did at
Cape Peirce) Wi || not provide accurate estimtes of productivity in a year
when many eggs hatch and many chicks survive.

W strongly recomend the use of 35-mmtine-lapse photography and the
digitization of inmagery to monitor trends in diurnal and seasonal
attendance of birds (especially murres) on study plots as a tool for
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deternmining their reproductive status. Caneras should be set up opposite

and slightly above study plots to elimnate occlusion.
There were no significant differences in productivity among different

elevational strata or anong different plots for any key species of seabird
studied in 1984 on either of the pPribilof |slands or at Cape Peiree.
Springer et al. (1984) suggest that |ong-term changes in weather and
climate cause broad-scal e changes in oceanographic conditions and in prey
availability. They further suggest that such changes may affect the
stability of regional seabird populations in the Bering and Chukehi seas.
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Appendi x 1. Technical description of procedures used to analyze digitized
time-series data from timne-lapse photographs.

| ntroduction

This technical appendix briefly describes the methods used and the
anal ysis performed on the timne-1apse photographic records collected at DUH
plot at Cape Peirce in 1984. The nost inportant tool used in the analysis
of the photographs was a digitizer; it was used to convert the
phot ographi ¢ (anal og) record into a data-oriented (digital) record” Prior
to the analysis we did the follow ng:

(1) prepared the film,

(2) devel oped film projection nethods,

(3) assenbled and interfaced appropriate conputer and optical
hardware, and

(4) devel oped appropriate conputer software.

In addition to the above, the follow ng nunerical and statistical

procedures were developed: (1) numerical search methods (m nim zation
procedures) that determine the location and number of nest sites, and (2)
application of time series analysis in order to determne patterns in
hourly abundance of birds on study plots.

Met hods

To nonitor hourly abundance and describe spatial patterns of the
birds observed in the photograph% a H -PAD digitizer was used to record
the species, location and nunber of each bird. This required (1) the
devel opment of hardware to project the film onto the digitizing platen,

and (2) conputer hardware and software to drive the digitizer.
Each frane in the film strips (transparencies) were numbered

consecutively (in the upper right corner), with a Pernmanent marker,
beginning with the first frame of an hourly sequence. Poor quality and
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redundant photographs were not numbered (i.e., were eliminated).

A filmprojector and a two-sided mrror were used to reflect the
i mage of each photograph onto the digitizing platen. The contents of each
frame were then digitized. The digitized record contained the follow ng

quantitative measurenments fromeach frame and bird observed

1) time of the frame (024 hours),

2) date of the frane,

3) visibility of the colony, and

4) location and sanple period of the frane.

The time of the initial photograph of a sanple sequence was
corroborated by observing cycles of night and day apparent in the
photographs. For sinplicity, the visibility of the colony was encoded
using five ordinal levels (O4), as follows:

conplete visibility,

some shadowi ng--al | birds visible,

overcast day and extensive shadowi ng--all birds visible,
visibility poor--not all birds visible, and

frame conpletely dark or overexposed--frame not digitizable.

=~ w N = 0o
. s

The following information was recorded for each bird observed in each
frame:

1) species code,

2) type of individual (adult, subadult, egg, nest, etc.),
3) vertical position of individual in the frane,

4) horizontal position of individual in the frame, and
5) occlusion index.

The occlusion index was an ordinal measure (I-3) of the degree to
which the bird was hidden fromview. For each bird that was not occl uded,
the horizontal and vertical measurenent was taken by placing the
crosshairs of the digitizing cursor on the center of the back and

digitizing (recording) its position
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W used a Houston Instruments H -PAD DT=1 144 Digitizer that was
driven by an APPLE Ile conputer using a serial interface card. The
conputer software that processed the digitized information was witten and
devel oped by LGL. Data were processed and stored on5.25" floppy di sks,
and were transferred to the LGL data- management system where they were
verified, edited and setup for analyses.

Anal ysi s

The digitized photographic data were used in several different ways
depending on how the information was to be used. The following two types
of data records were produced fromthe raw data files:

(1) spatial coordinates of each bird that was digitized, and

(2) frame or hourly counts of the nunber of birds of each
speci es recorded at each |ocation during each sanple
period

The spatial coordinates of each bird were used to determne the
nunber of nesting sites (breeding pairs) within the view of the canera
(i.e., on the sanple plot). An overall map of all the sites was
constructed by accunulating the number of birds digitized for each pixte
(smal | est resolved point) on the digitizing p| aten. Examples of these
base maps are presented in Figures Al-1 to &1-3. Darker areas in Figure
Al -1 indicate areas of high frequency of birds. Figure Al-2 and A1-3 Show
hi gher resolution plots of a section of Figure Al-1.

After the base map was constructed, the locations of discrete sites
were determned through a numerical search procedure that defined the
perineters'of each location in the plot where birds were recorded nost
frequently. These regions, or collections of coordinates, were then
defined as discrete sites. The original spatial coordinates of each bird
digitized on an hour by hour basis was used to determ ne residency
characteristics for each site (for a description, see Ripley 1981).

Using this, procedure, we determned that about 330 sites at DUH study
pl ot were occupied by common murres in the early part of the breeding
season (7-20 June) and about 162 sites were occupied during the middle
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part of the breeding cycle (10-17 June). Conparable nunbers for these
same sanpling periods but determned through visual counts are 487 and
161, respectively (see ‘RESULTS section, Table 19, under headings A and

C, respectively).
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Panal A

Figure A-1. Base map showing the location (one dot) of each common murre digitized at pun pl ot (Cape
Peirce) during the early part of the nesting period (7-20 June 1984). A higher resol ution
map of Panel A is shown in Figure Al-2.



Panel A

Panel B

Figure Al-2.  High resolution map of |ocations of common. murres shown in
Panel A Figure Al-1. An even higher resolution, 3-
di mensi onal graphic of the area designated Panel B in
Figure Al-2, is shown in Figure Al-3.
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Table Al-1. EStimates of the nunber of discrete nest sites
(breeding pairs) of comodn murres at DUH study pl ot
at Cape Peirce, Al aska. DUH 1= sanpling period
7-20, June 1984; pun 3= sanpling period 10-17 July,
1984.

DUHY - COMMON MURRES

0. ?.9% 206
10.0 - 19.94 26
20.0 - 29.94 24
30.0 - 39.94 14
40.0 - 49.9X 17
50,0 - 59.9% 5
40.0 - &%9.9% 10
70.0 - 79.9% 15
80.0 - 89.9% 11
90,0 - 100.0% 0
0.1 - 106.0% 330
DUH3 - COMMON MURRES
0.1 - 9.9% 75
10.0 - 19.9% 22
20.0 - 29.9% 13
30.0 - 39.9% 7
40,0 - 49,94 !
50.0 - 59.9% 3
80.0 - &9.94 3
70.0 - 79.9% 2
80.0 - 8%9.94 10
90.0 - 100.0% 13
0.1 - 100.0% | 62
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Appendix 2. A summary of weather information for the Pribilof | sl ands,
Al aska, June- August, 1984.

June July
_Wind Temp (°C) W nd Temp (°C)
X spd ' X spd
Date {kn/h) Dir Min Max {km/h) Dir Min Max
1 24 N 3 6 21 NE 3 10
2 27 N 4 8 19 NE ] 9
3 19 N 2 8 27 N 6 8
3 21 N 2 6 26 NE 7 10
5 6 NE 2 8 24 N 6 9
6 14 NE 2 9 29 NE 6 9
7 11 NE 0 6 18 NE 6 11
8 16 N 3 5 22 NE 7 8
9 22 N 3 7 24 NE 6 8
10 22 N 1 7 22 NE 4 9
11 14 N 0 8 30 NE Y 9
12 14 N 4 10 26 NE 6 8
13 14 NE 3 9 26 NE 6 12
14 13 N 1 9 27 NE 3 9
15 19 N 3 7 22 NE 5 8
16 21 N 3 10 30 NE 4 10
17 21 N 3 8 29 NE 7 10
18 14 N 4 11 32 NE 7 9
19 8 N 4 11 24 NE 7 1
20 14 N 6 9 14 N 6 10
21 24 N 6 8 13 N 2 10
22 22 N y 9 11 N 7 10
23 21 N 4 9 14 N 7 11
24 24 N 5 10 11 N 8 11
25 21 N y 12 13 N 8 10
26 24 NE 6 14 19 NE 7 9
27 18 NE 7 16 19 NE 6 11
28 26 N 6 8 34 NE 8 9
29 30 NE 6 8 19 NE 8 11
30 16 NE 6 12 29 N 8 9
31 16 N 8 12
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Appendi x 2 (cent’d)

- |8
QW o~NOYMBAWN — —
D

|l el e el
a b~ wpp -

16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31

August
Wind _Temp (©C)
x8pd
kn/h) Dir Min Max
32 N 8 10
24 N 8 10
11 N 8 11
10 N 10 14
10 N 9 12
11 NE 8 12
11 NE 8 13
24 NE 9 12
21 NE 8 11
24 NE 8 13
10 N 8 11
11 N 9 12
10 N 9 13
13 N 8 13
14 N 8 11
22 N 9 11
21 N 8 12
18 NE 8 11
19 N 8 10
27 N 9 11
29 NE 9 11
14 NE 8 11
24 N 9 11
37 N 9 11
14 NE 2 11
32 N 2 8
22 N 8 9
27 NE y 11
19 NE 3 11
14 NE 7 9
21 NE T 10
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Appendi x 3. A summary of weather information for the Cape Newenham-Cape
Peirce area, Al aska, June-July 1984,

June _July
Wind Temp (°C) Wind Zemp (°C)
Max-Min Max-Min
Speed Speed
Dat e (km/h) Dir  Min Max Skmvh)  Dir Min  Max
1 0-18 N T i5 0-21 NE 10 14
2 11=-28 N 9 16 0-28 N 9 15
3 0-26 N 4 14 0-19 N 7 12
y 0-14 NE 2 9 0-18 NE 6 8
5 0-14 NE 1 7 0-21 N 6 12
6 0-11 N 2 11 5-37 NE 5 9
7 0=12 NE 2 7 0-11 NE ] 7
8 0-18 N 1 8 5-19 NE 4 7
9 0=30 N 3 12 0=25 NE 5 11
10 0-16 N 4 12 025 NE 6 8
11 0-12 N ] 8 0=12 N 6 12
12 0-9 N 2 9 0-7 N 8 14
13 0-7 N 7 12 0-14 N 7 16
14 0-18 N 5 9 0-25 N 9 16
15 0-9 N 6 15 0-19 N 8 12
16 0-11 N 8 12 0-18 NE 6 11
17 0-25 N 8 13 0-18 NE 5 8
18 0-16 N 9 13 0-19 NE 6 8
19 0-18 N 8 13 0- 25 NE 7 9
20 0-12 N 5 14 0-21 N 7 12
21 0-18 N 7 13 0- 33 N 6 14
22 9-35 N 7 9 0- 25 N 11 14
23 12-20 N ] 12 0- 16 N 10 13
24 0-28 N 8 12 0- 18 N 9 12
25 0-21 N 8 14 0-9 N 9 11
26 0-23 N 10 16 0 N 9 13
27 0-9 N 7 12 0-14 NE 8 13
28 0-30 N 5 13 0- 25 N 7 9
29 5-26 N 9 72 0-14 NE 7 9
30 0-18 N 8 15 7-33 N 7 12
31 11-25 N 8 11
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Appendix 4. Results of Likelihood Ratio Tests (LRT) of differences in
productivity estimates for seabirds nesting in different

elevational Strata on St. George I|sland, Pribilof |slands,

Al aska, 1984.
# Chicks 95% CI of
Stratum  # Nest Alive at Productivity  Productivity
Speedes __# _  Attempts [End of Studv __Estimate == __Estimate
BLKI | 55 4 0.07 0.00-0.14
2 0 0 0.00-0.00
5 1 0 0 0.00-0.00
LRT Statistic = 0.15; P=0.93 *
RLKI 1 32 0 0 0.00-0.00
5 117 3 0.03 0.00-0.05
LRT Statistic = 0.73; P =0.39
TBMU 1 85 27 0.32 0.18-0.46
2 41 13 0.32 0.22-0.42

LRT Statistic = 0.00; P=1.0
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Appendi x 5. Results of Likelihood Ratio Tests (LRT) of differences in
productivity estimtes for seabirds nesting in different
elevational strata on St. Paul Island, Pribilof Islands,

Al aska, 1984.
# Chicks 954 CI of
Stratum # Nest Alive at Productivity Productivity
Specdes _# = Attempts End of Study __Estimate = __Estimate
BLKI 1 50 1 0,02 0.00-0.06
‘ 2 51 1 0002 0000°0006
LRT Statistie = 0.0001; P = 0.99
RLKI 1 4 0 0 0.00-0.00O0
2 35 0 0 0.00-0.00
LRT Statistic = 0.00; P = 1.0
TBMU 1 23 1 0.04 0.00-0.13
123 3 0.02 0.00-0.05
LRT Statistic = G.11;3 P = 0.73
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Appendix 6. Results of Likelihood Ratio Tests (LRT) of differences in
productivity estimates for seabirds nesting in different
productivity plots on the Pribilof |slands and at Cape
Peiree, Al aska, 1984.

LRT
— Scecies £ Plots Statistic L
St. George Island
BLKI 6 1.49 0.91
RLXI 6 1.12 0*95
TBMO 3 0.15 0.93
St Paul Island
BLKI 5 1.78 0.78
RLKI 4 0.00 1.0
TBMU 5 2.06 0.73
Cape Peirce
BLKI 11 3.26 0*97
COMU 7 9.83 0.13
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Appendi x 7. Various estinmates of black-legged kittiwake reproductive
success on the Pribilof Islands and at Cape Peirce, Alaska,
1975- 1984, with results of Likelihood Ratio Tests and
Bonferroni multiple conparisons.

St George
LRT Statistic for Reproductive Success*: 40. 3; p<0.0001

Year 1981 1984 197 1978 1976
N _ 81 42 114 82

Estimate of’ Reproductive Success .09 19 44 .61 | ;:S*
St Panl

LRT Statistic for Reproductive Success: 17.0; p=0.004

Year 1984 1977 1978 1976 1979 1975
N 23 155 146 104 128 121
Estimate of' Reproductive
success .26 44 .50 .63 *66 67
%%
Cape Peirce

LRT Statistic for Reproductive Success: 13.5; p<0.0001

Year 1981 1984
N 343 124
Estimte of Reproductive Success .24 <0.01

e Reproductive success: # chicks alive at end of study/# eggs |aid.
"Underscorin% desi gnat es estimates that are not significantly different
from each other (p variesfrom0.025 to0.003).
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| NTRODUCT! ON

The data and anal yses presented in this report are part of a
monitoring program of seabirds at the Pribilof |slands and Cape Pierce
funded by the Mnerals Minagenent Service, U S. Departnent of the
Interior. One of the specific objectivesof this programis to devel op
estimtes of the kinds and amounts of food consumed by the major seabird
species in the Pribilof |sland col onies.

Bi rds and (or) their food sanples were collected at bothSt. Ceorge
and St. Paul islands, although for |ogistical reasons nost work was
conducted at st. George. Food sanples were collected fromthe followng 11
species: northern fulmar (Eulmarus glacialis), red-faced cornorant
(Bhalacrocorax urile), bl ack-1 egged kittiwake (Rissa tridactyla), red-
| egged kittiwake (BRissa brevirosti:is), cormdn murre (ULisS aalge), thick-
billed nurre (Uria lomvia), parakeet auklet (Cyclorrhyncus psittacula),
| east auklet (Aethia pusilla), crested auklet (Aethia cristatella), tufted
puf fin (Fratercula eirrhata) and horned puffin (Ecatercula corniculatal.

Five species (cormorant, both kittiwakes, thick-billed nmurre and
least auklet) were tobe studied in greater detail than the others, but
too few red-faced cornmorant sanples were collected for detailed analyses.
Detai l ed anal yses of each of the remaining four species |ooked at diet
di fferences between sexes of adult birds, between times of the breeding
season, between adults and chicks, and between islands. No conparisons
were made bhetween different species of birds since differential digestion
of food itenms anong species may seriously bias such conparisons (Schneider
and Hunt 1984). The results obtained are conpared with the nore intensive
previ ous work conducted at the Pribilofs, mainly by George L. Hunt, Jr.
and his co-workers (Hunt et al. 1981, Schneider and Hunt 1984).

METHODS
Field Methods
During field studies on the Pribilof | sl ands, 488food sanples were

col lected from 458 hirds of 11 species (Table 1 and Appendix 1). Three
types of sanples were collected: stomachs from shot birds, regurgitations
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Table 1. Number of samples collected for feeding studies, Pridbilof |slands, 1984.

Tvpe of Sample Total No.
Species Island Stomach  Regurgitation Food Load —Samples

Nort hern fulmar SP ) 0 0 )
se 15 0 0 15

Red-faced cornorant SP 0 2 0 2
se 0 20 0 20

Bl ack- | egged kittiwake SP 23 6 0 29
SO 8o 0 0 80

Red- | egged kittiwake SP 2 0 0 2
e} 49 13 0 62

Common murre sp 9 5 1 15
sG 7 2 2 11

Thick-billed murre SP 10 17 4 31
s6 ur 24 7 "1

Par akeet aukiet SP ) 0 o 0
SG 13 o« 7 20

Least aukiet SP 10 0 8 18
sG 13 0 40 53

crested aUK| et SP 0 0 0 0
SG 13 0 13 26

Tufted puffin sp 0 0 0 0
s6 8 0 0 8

Horned puffin sp 1 1 0 2
SG i Q 2 16

Al Species 314 90 84 488

SP = St. 'Paul, &% . St. George

263



from chicks, and food |oads brought to chicks by aduilt birds. Food Zloads
were of two types-€ither one or a fewitens carried in the beaks of
nmurres and puffins, or many items carried in the gular pouches of auklets.

Shot birds weretaken either at sea or from vantage points along the
coasts of St. Paul and St. George islands. Shortly after retrieval 5%
formalin Was injected down the throats and into the stomachs of shot birds
to arrest digestion. Birds were dissected within 12 n of collection
(usually sooner). [Esophagi, proventriculi and gizzards were stored in 5%
formalin for later analysis. Bird carcasses were frozen and nost were
later shipped to the Royal Ontario Miseum Toronto, Ontario, Canada, wbe
processed as study skins and skeletons. Food material is archived with
LGL.

Sone birds provided nore than one food sanple. This occurred when
shot birds were carrying food for their chicks as well as for
t hemsel ves. In such cases, itens carried in food | oads were processed
separately fromitens in the digestive tracts.

Chick diet was studied by collecting two types of food sanples:
regurgitations and food |oads. When handl ed, red-faced cornorant and
kittiwake chicks occasionally regurgitated food. Murre and puffin chicks
were neck-collared for several hours; then any food itenms the chicks had
been fed were renoved. Food |oads contained in the gular pouches of
aukl ets were taken from either shot or netted” birds, and nurres
occasional |y dropped food items on chick |edges. Regurgitated sanples and
food | oads were stored in 5% formalin for |ater analyses

Laboratory Techni ques

In the laboratory, food items were exam ned under | ow power
bi nocul ar m croscopes and sorted and identified as precisely as possible
given the condition of the food material. With whole items it was
frequently possible to identify food to the species level but partial
items were usually identified to | ess precise levels (genus, famly,
order). In alnost every sanple there was some food material that could
not be identified to any of the general taxonomie categories. Such
material was recorded as-'other and was treated asaseparate food taxon
throughout this report. Appropriate keys for the identification of
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invertebrates and fish of the Bering Sea were used (Bowman 1960,
Akimushkin 1963, Boden et al. 1965, Bredskii 1967, Hart 19.73, Frost 1974,
Morrow 1977, Frost 1981).  Myctophid otoliths were identified by
conparison with the otoliths of whole fish |oaned by N M Harrison, Univ.
Calif., I rvine.

Subsampling (by weight) was undertaken when |arge numbers of food
items in a broad taxonomie grouping (e.Qg. copepods, euphausiids) were
encount ered. The lengths of whole items found in the sanples or
subsamples Were neasur ed.

Sone stomachs contained fish material (bones, scales, entrails) that
by itself could not be identified nore precisely. Wen fish  otoliths
al so were present and identified, it was assuned that the unidentified
material was of the sane taxa as were the fish otoliths. If two or nore
taxa of otoliths were present, the unidentified materiel was assigned (by
wei ght) to each taxon in the sanme proportion as represented by each
otolith taxen.

The anount of food in each stomach was assuned to be an accurate
reflection of the anounts and kinds of food recently-ingested. Hard parts
(e.g., otoliths, cephal opod beaks) remain in bird stomachs |onger than
does fleshy material, so a given wet weight of hard parts may
overrepresent sone prey species relative to a wet weight based solely on
fleshy material.

Vol unes Versus Vet \eights

loriginally proposed to armalyze the fOOd sanples with the  nethods
enpl oyed by Hunt et al. (1981). These authors sorted, counted and
identified food itens at the | owest PoSSibl e taxonomic level, and then
measured displacement volumes or estimated themvisually. I found the
neasurement of displacement volunes to be time-consumng and less precise
than the measurenent of wet weights. Volunes could be measured wplus-
or-mnus 1 m (equivalent to about 1.0 g wet weight) whereas wet weights
coul d be neasured toplus-or-mnus 0.1 g. In 60 randon y-selected
stomachs (15 each from bl ack-1egged kittiwake, red-|egged kittiwake,
thick-billed murre, and |east auklet) r1investigated the reliability of
volunetric neasurenents. The volumes and wet wei ght of three major food
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t axa (copepods, euphausiids and fish) in the stomachs were neasured.
Differences between these two measurenents were conpared statistically.
Material from each taxon was categorized by wet weight (Table 2) and
differences between volume and wet weight were conpared. For two taxa
(copepods and euphausiids), di fferences between volunes and wet weights
were not consistent across the range of wet weight categories, indicating
that volume may not have been neasured consistently even within taxa. In
this report, all statistical comparisons of the anounts of food eaten
are based on standardized wet weight neasurenents. Standardization
invol ved representing the wet weight of a given taxon as a percentage of
the wet weight of all material in the stomach. This permtted
conparisons of sanples with differing anounts of food.

Statistical Conparisons

Mann- Whi tney U-tests were conducted on standardi zed wet wei ghts per
sanple for any prey taxon that conprised nore than 5% of the diet in
either of the groups being conpared. If these tests were significant? G-
tests were used to test for differences in the proportions of birds taking
agiven prey taxon. Criterion levels were set ata conservative level
(P=0.01) since many conparisons were made. Parametric t-tests (P=0.01)
were used to test for differences in the mean lengths of fish oteliths
found in different groups of food sanples.

RESULTS

Nort hern Fulmar (Fulmaris glacialis)

A smal | sanple of northern fulmars (n=15)wascol | ected for food
habits studies (Table 3. Eight birds were collected on 9July and seven
were collected on 31Jul y-- all were taken at sea near St. George. The
maj or diet conmponent of the collected birds was unidentified fish and many
of the stonmachs contained large pi eces of fish flesh. Fulmars are well
known to scavenge near fishing vessels and it is likely that most of the
fish material in the stomachs was gathered in this way. One bird
contained the otoliths of a walleye pollock (Therasra chalcogramma). Only
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Table 2. Differences between volume (ml) and wet weight (g) measurements tor.different net weight categories of
food found In 60 seabirdstomachs (15 from eaoh of black-legged kittiwake, ked-legged kittivake, thiok-

billed murre and | east auklet).

W\t Weight Category

Food Taxa 0.005 -0.5 g £ (P) —0.5 « 5.0 % S A ¢ )] +5.0 & t (P)
Copepods]! 0.16 + 0.22 (12)5 2.52 €0.05 1.07 £+ 0.69 (16) 4.01 <0.01 -- (o) . 1.94 <0.1
Euphausiids2 0.13 + .20 (46) 4.41 <0.01 0.61 & 0.T4 (23) 3.95 <0.01 5.1 + 8.3 (10) 3.23 <0.01
Fish3 -- (3 - - 0.81 + 0.65 (13) 4.49 <0.01 h.2 + 6.1 (22)

;_Includes.ca.lannn marshallae, C. plumeheds, £. goristatus, £. glacialds and C. ser.
Includes Thysancessa raschii, I. inermis, I. spinifera and I. Spp.

Includes Ammodvies hexapterus, Gadidae spp., Myctophidae spp., Pleuronectidae spp., and Osteichthyes spp.
For -copepods and fish,test statisticis Mann-Wiitney U, for euphausiids, test statistic is Kruskale-Wallis H,

S¥alues in table are mean 1 ad. (n).



Table 3. Diet conposition of northern fulmars collected at st. George
Island, Alaska, 1984.

rren Wt Weight (&)

Food Taxa n i P _Mean 3
Copepoda 1 6.7 <0.005 <0.005
Decapoda 1 6.7 0.01 0.1
Euphausiacea 2 13.3 0.01 0.1
Anmphi poda y 26.7T 0.02 0.1
Squi d 3 20.0 0.08 0.6
Gast ropoda 1 6.7 <0.005 <0.005
Gadidae 1 - 6.7 2.79 19.6
Unid. fish 12 80.0 11.02 77 .6
O her 14 93.3 0.28 2.0

n 15 samples X= 14.21 g
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small amounts of crustaceans were present in the stomachs examined. It is
possible that these itens were ingested incidentally to the capture of
fish offal.

Red-faced Cornorant (Phalacrocorax urile)

Regurgitations were obtained from 22 red-faced cormorant chicks
during the study--20 from St. CGeorge and 2 from St. Paul (Table 4). On
St. George, sand lance (Ammodvtes hexapterus) formed 52% of diet wet
wei ght and occurred in half of the regurgitations. The nmean length of the
25 Ammodvtes otoliths occurring in the 10 stomachs was 5.35 mm  Two ot her
fish taxa conprised nmore than5% of diet wet weight: unidentified fish
(16% and gadids (walleye pollock and unidentified species--1 5%.
Irichodon trichodon, the Pacific sandfish, occurred in two sanples from
St. George and in the two St. Paul sanples. The only other fish
identified to the species |evel was_Pholis ornata, the saddl eback gunnel.
It occurred in one of the St. George sanpl es.

Bl ack-| egged Kittiwake (Rissa tridactvla)

During the study, 102 adult black-legged kittiwakes Were collected--
80 at St. George and 22 at St. Paul. At both islands, adults of each
sex were collected in both July and August.

At St. George there were no differences in diet conposition between
mal es and females in either month (Table 5; all Mann-Witney
probabilities >0.01). There did appear to be sone change in the diets of
all adult birds between July and August (Table 6). August birds took
significantly greater anounts (standardized wet weights) (P<0.01) of
gadi ds and Ammodvtes than did July birds. Gadids were also taken by a
| arger proportion of the August birds than of the July birds (e=11.86,
P<0.001). This wesnot the case with Ammodvtes Which was taken by simlar
proportions of birds in the two nonths (G=1.05, P>0.01).

At St. Paul, there were also no differences in diet conposition
between males and females in July or August (Table 7; all P>0.01).
Again, however, there was sone indication of diet change between July and
August (Table 8). Polychaetesweretaken in greater anounts and by
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Table 4. Diet conposition of red-faced cornorants at the Pribilef |slands, 1984.

e~ St. George Island St. Paul Island
_Occurrence Meight Veight (g) Occurrence Vet Weight (g)
Food Taxa h £ Mean z. n i Mean i
Decapoda 2 10.0 0.44 1.9 ~ -
Amphipoda 4 20.0 0.04 0.2’ 1 50.0 0.04 0*1
Gast ropod 2 10.0 <0. 005 <0.005 - - - -
Gadidae 2 10.0 3.51 15.0 : - - -
Cottidae 1 5.0 0.54 2.3
Pleuronectidae 1 5.0 0.60 2.6 - - - =
Ammody tidae 10 50.0 12.26 52.2 -
Pholidae 1 5.0 0.52 2.2 - - - --
Trichodontidae 2 10.0 1.13 4.8 2 100.0 47.09 92.1
Salmonidae 1 5*0 0.50 2.1 - - - -
Unid. fish 6 30.0 3*86 16.4 -~ - - -
Q her 9 450 0.55 2.3 2 100.0 4,01 7.8

n 20 sanpl es x= 23.47 ¢ 2 sanpl es X= 51.14 ¢
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Table 5. Diet composition of adult black-legged kittiwakes collected at St. George |sland, Alaska, 1964.
MALES = JULY FEMALES - JULY MALES - AUGU FEMALE
Food Taxa . Occurrence Het Weight (m) Occurrence Wet_Weight (g) Uccurrence Occurrence Het Welght (g)
n 3 Mean 3 n 3 Mean I3 n 2 Mean 2% n 3 Mean 3

Copepoda 1 21 <0. 005 <0. 005 - -- - - - -— - _— -— -
Decapoda 2 5.4  <0.005 <0. 005 - - - -- ! 16.7 0.01 0.1 - -- --
Euphausiacea 10 271.0 0.18 6.7 11 34.4 0.51 21.9 - - -
Amphipoda 3 8.1 <0.005  <0.005 1 3.1 <0,.005  <0.005 - -- - -
Isopoda 1 2.7 <0.005 <0.005 -— -— - -
-Squid 4 108 0.03 1.1 6 18.8 0.01 0.4 1 167  0.29 4.0 - - -
Gastropoda 5 135 0.04 1.5 2 6.3  <0.005  <0.005 -- - --
Polychaeta 1 27  <0.005  <0.005 1 3.1 <0.005  <0.005 - - -- -
Gadidae -- 1 3.1 0.26 11.2 3 50.0 614 849 1 5.0 0.13  26.0
Myctophidae 3 8.1 0.49 18.3 5 156 0.38 16.3 1 5.0 0.07 140
Pleuronectidae - - 2 6.3 0.16 6.9 - -~ -- -
Ammodytidae -- ' 1 16.7 0. 65 9.0 --
Cyclopteridae -- 1 3.1 0.26 11.2 - -
Unid. fish . 18 48,6 1.70 63.4 12 315 0.57 24.5 3 5.0 on 15 1 5.0 011 22,0
Q her 3% 946 0.25 9.3 26 81.3 0.20 8.6 4 66.7 0.05 0.7 2 1000 0.2 38.0

n 37 samples 3= 2.68 g 32 sanpl es ¥= 2.33 g 6 sanples X= 7.23 ¢ 2 sanples % 0.50 g




Table 6. Diet composition of adult black-I egged kittiwakes at St. Ceorge Island im July and August,

198410
JULY AUGUST
Copepoda 1 1.4 <0.005 <0.005 - e - e
Decapoda 2 2.8 <0. 005 <0.005 i 12.5 0.01 0.2
Euphausiacea 22 30.6 0.33 13.5 - -
Amphipoda 4 5.6 <0. 005 <0. 005 -- - -
Isopoda 1 1.4 <0.005 <0.005 - -
Squid 10 13.9 0.02 0.8 1 12.5 0.22 4.0
Gast r opod 7 9.7 0.02 0.8 - - -
Polychaeta 2 2.8 <0. 005 <0. 005 - -
Gadidae 1 1.4 0.11 0.45 4 50.0 4. 64 83.6
Myctophidae 8 1.1 0.42 17.1 1 12.5 0.02 0.4
Pleuronectidae 2 2.8 0.07 2.9
Ammodytidae - - - .- 1 12.5 0.48 8.6
Cyclopteridae 1 1.4 0.11 4 . 5
Unid. fish 31 43.1 1.12 45.7 4 50.0 0.11 2.0
Ot her 64 88.9 0.24 9.8 6 75.0 0.08 1.4
n m %= 2.45 g 8 samples T % 555§

TIncludes sanpl es from unsexed birds.
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Table 7. Diet composition of adult black-1egged kittiwakes collected at St. Paul I|sland, Al aska, 1984.

MALES = JULY _FEMALES = JULY MALES - AUGUST —FEMALES - AUGUST ____

Copepoda - -- - - 1 10.0  <0.005  <0.005 - .- - — - -~
Decapoda - - - 3 300 0.03 0.2 2 286 o0.08 04 -- - -
Euphausiacea 1 50.0 <0.005  <0.005 2 20.0 <0.005 <0.005 - -- -
Amphipoda 4 40.0 0.02 0.1 2 286 002 0.1 - - -
Isopoda - - - - - - -
Squid 1 50,0 0.01 <0. 005 4 40.0 0.03 0.2 -- - -
Gast ropod - - - - -—
Polychaeta 1 100 <o.005  <0.005 5 714 3.27 16.1 2 100.0 4,14 48.4
Gadidae 2 28.6 1,73 8.5 -
Myctophidae 2 100.0 26. 38 99.9 1 10,0 0.09 0.6 1 143 474 234 -
FPleuronectidae - - -
Aumodytidae 2 20.0 8.59 55.2 2 286 1005 49.6 -- -
Cyclopteridae - - - - —
Unid. fish -- - - 8 800 6. 02 38.7 2 28,6  0.30 1.5 1 50.0  4.00  u6.7
Q her - - - 8§  80.0 0.79 5.1 5 714 0.09 0.4 2 100.0 0.42 4.9

n 2 sanpl es %= 26.39 g 10 samples %= 1555 g 7 sanpl es X: 20.28 g 2 sanples x= 8.56 g




Table 8. Diet conposition eof adult bl ack-1egged kittiwakes at St. Paul Island in July and August,

19841.
JULY AUGUST
Food Taxa Occurrence ¥et Weight (g) Qocurrence Het Weight (&)
n b 3 Mean 1 n 4 Mean 2

Copepoda 1 7.7 <0. 005 <0.005 - - -
Decapoda 3 23.1 0.02 0.1 2 22.2 0.06 0.3

Euphausiacea 3 23.1 <0. 005 <0. 005 - - -
Amphipoda 4 30.8 0.02 0.1 2 22.2 0.01 T 0.1

Isopoda -- e aen — - o

Squid 5 38.5 0.02 0.1 . - -

Gastropod — - - - A “e
Polychaeta 1 7.7 <0. 005 <0. 005 7 77.8 3.46 19.6
Gadidae . - - - 2 22.2 1.34 7.6
Myctophidae 3 23.1 4.12 24.4 1 1.1 3.69 20.9

Pleuronectidae - . . - - am
Anmodytidae 2 15.4 6. 60 39.0 2 22.2 ‘1,82 4.2

Cyclopteridae - ot - - -

Unid. fish 9 69. 2 5.32 315 3 33.3 1.12 6.3
O her 9 69. 2 0.80 4.7 7 77.8 0.17 1.0
n 13 samples %= 16.91 g 79 sanples T%=17.68 g

VInciudes samples from unsexed birds.
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proportionately more August birds than July birds (u=17.5, P< O 02; 6=8.91,
P<0.0 |). There were no significant differences in the amunts of other
food taxa in July vs: August diets.

Regurgitations from six black-1egged kittiwake chicks were
collected at St. Paul between 6 and 8 August. In descending order of
i nportance by wet weight were myctophids (459%, walleye pollock (43%),
unidentified fish (129% and euphausiids (0.2%).

Three fish taxa (wall eye pollock, myctophids and Ammodytes) Were
dominant in adult black-legged kittiwake diets. | conpared the mean
| engths of the otoliths found in the stomachs of adult birds from St.
George and St. Paul islands (Table 9) but found no significant differences
(all t-test probabilities >0.01).

Red- | egged Kittiwake (Rissa brevirostris)

Adult red-legged kittiwakes were collected for food habits studies at
St. Ceorge (n=49) and at St. Paul (n=2). | found no differences in the
diet conposition of 21 adult male and 27 adult female birds collected at
St. George in July (Table 10; U-test probabilities >0.01 for those taxa
conprising >5% wet weight). The diet of all adult birds (n = 51) was
mai nl'y myetophid fish (54% of diet wet weight), followed by unidentified
fish (22$), euphausiids (11.3%, unidentified food material (10.5%; and
smal | amounts (<l % of copepods, decapods, amphipods, SQuUi d, polychaetes
and gadid fish

Thirteen regurgitations were obtained from neck-collared chicks at
St. George between 25 July and 11 August. On average these regurgitations
wei ghed 3.96 g and consisted of nyctophids (62% of wet weight),
unidentified fish (16%, squid (12%), unidentified food naterial (7.3%),
crustaceans (2.3% and gastropod (0.3%. The anmountsof major tYPes of
food eaten by adults and chicks at St. George were not significantly
different (Table 11).

Myctophid otoliths were found in adult sanples and chick
regurgitations (Table 12). There were no differences in the nean
| engths of oteliths in nmale vs. female or adult vs. chick sanples (all t-
test probabilities >0.01).
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Table 9. Lengths of. selected taxa of otoliths taken from the stomachs of
bl ack-| egged kittiwakes col | ected at the Pribilof |slands, 1984.

Otolith

No. of No. of Length (mm)

Food Taxa Island Stomachs Otoliths Mean  3.D.
Wl | eye pollock St. CGeorge 4 35 2.15 0.69
St. Paul 1 7 1.19 0.41

Myctophids St. Ceorge 9 38 1.28 0.26
St. Paul 4 15 1.43 0.28

Sand 1ance! st. George 1 2 0.90 -
St. Paul 4 15 2.03 0.38
TA11 otoliths identified to species were Ammodvtes hexapterus, the only

speci es of sand lance present in the southeastern Bering Sea (Hart 1973).
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Table 10. Diet conposition of adult red-legged kittiwakes collected at St. CGeorge Island,

Al aska, July 1984,
FEMAI ES
S W TS 3 rim A~
Copepoda 4 19.0 <0.005  <0.005 5  18.5 <0.005  <0.005
Decapoda 3 143 <0.005  <0.005 6 22.2 0.08 0.8
Euphausiacea 6 28.6 0.98 3.7 10 37.0 1.32 12.8
Amphipoda 5 238 0.03 0.4 8 29.6 0.04 0.4
Squid 3 14.3 <0.005  <0.005 7 259 0.12 1.2
Polychaeta 1 4.8 <0.005 <0.005 - - - -
Gadidae - - - - 2 7.4 0.08 0.8
Myctophidae 12 57.1 5.22 61.4 15 556 5.88 57.0
Unid, fish 8 3.1 1.18 13.9 7259 1.84 17.8
Ot her 15 114 1.09 12.8 20 741 0.95 9.2
n 21 sanples %= 0.50 g 27 sanpl es %= 10.32 g
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Table 11. Standardized wet weights of food found in adult and chick sanples of’ red-
| egged kittiwakes at St. George |sland, 1984.

Standardized Wt Weight of Food 1 8.p. (n) Mann- Whi t ney
Food Taxa Adults (n=149) Chicks (n=13) Z P
Crustacea 9.9 £ 24.4 5.0 £ 15.1 0.52 >0.1
Squi d 0.7+ 2.1 12. 7 4 30.6 1.20 >0.1
Gast r opod 0.001 + 0.005 1.8 + 6.6 1.04 >0.1
Polychaeta 0. 001*0. 005 0.0 *6.6 0.52 >0.1

Fi sh 73*5 x 35.3 ° 72.0 £ 38.2 0.52 >001




Table 12. Lengths of’ myectophid otoliths taken from adult and chick red-
| egged kittiwakes collected at St. George Island, 1984.

Otolith Length (mm)
Group No. of Stomachs No. of Otoliths Mean S.D.
Adult nal es 21 70 1.31 0.27
Adult females 28 69 1.30 0.29
Al adults * 49 139 1.30 0.28
Chi cks 13 24 1.24 0.24
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Common Murre (Uria aalge)

During the study, small nunbers of adult food sanples werecol | ected
at St. George (n=7) and St. Paul (n=9). | found no differences in the
amounts of major food taxa taken by adults at the two islands (Table13;
all Mann-Witney U-test probabilities >0.01). The only fish species that
occurred in nore than a single sample Was wal | eye pollock. Twenty-eight
otoliths of this species were found in three sanples from st. Paul. These
otoliths had a nean length of 1.96 mm

Sanmpl es from seven neck-collared chicks at St. Paul and three at St.
George were also obtained (Table 14).  Squid, flatfish and |ance occurred
intwo of the 10 sanples; other taxa occurred in only single stomachs.
Fishes identified to species |level included _Theragra chalcogramma
(Gadidae), Hippogzlossoides elassodon and Lepidopsetta bilineata
(Pleuronectidae), Ammodvtes hexapterus (Ammodytidae), and Lumpenus Sagitta
( Stichaeidae).

Thick-billed Mirre (Upia lomvia)

During the study period, 57 adult thick-billed nurres were
collected--47 at St. George and 10 at St. Paul. AtSt. George, adults of
each sex were collected in July and August (Table 15), but there were no
significant differences in the diets of the birds in terns of the
standardi zed anpbunts of mmjor prey groups eaten (all Mann-Witney Utest
probabilities >0.01). There were, however, significant differences in the
diets of the 47 St. George and 10 St. Paul birds (Table 16). In the 10
birds taken at St. Paul all identifiable food remains were Gadidae,
whereas at St. George, cod occurred in only 30% of stomachs (G = 15.54,
P<0.,001) and account for only 5.6% of food (z = 467, P<0.001).
Euphausiacea accounted for 624 of the food taken by birds collected at St.
Ceorge on 15 August but for none of the food taken by 10 birds at St. Paul
a week earlier. Squid, another inportant conponent of adult diet at St.
George, especially in August, was also absent from St. Paul birds.

Gadids were the only identified fish that occurred in |arge nunbers
in the stomachs of adult thick-billed nurres collected at both St. George
and St. Paul islands. Two types of gadid otoliths were identified:
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Table 13. Diet conposition of adult conmmon murres collected at the Pribilof |sl| ands,

1984.

' ST, GEORGE ST. PAUL
Eood Taxa i.cgummf H}elj_ﬂ.eizhh_(.:l .g.mnm:n siusimui).
Decapoda 1 14.3 <0. 005 <0. 005 .- - -
Euphausiacea 1 14.3 0.72 47.7 1 11.1 <0. 005 <0. 005
Amphipoda - - - 1 1.1 <0w005  <0.005
Gadidae - - - 3 333 1.36 86.6
unid. fish 2 28.6 0.23 15.2 - - -
Q her 7 100.0 0.57 3.7 8 -88.9 0.21 13.4

n 7 sanpl es %= 1.5l ¢ 9 sanples %= 1.57 g
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Table 14. Diet conposition of common nurre chicks at the Pribilof Islands,

1984,

Food Taxa Qceurrence Het Weight (g)

n z. Mean 4
Squid 2 20.0 1.20 32.5
Gadidae 1 10.0 0.07 1.9
Cottidae 1 10.0 0.07 1.9
Pleuronectidae 2 20.0 0.43 11.7
Ammody tidae 2 20.0 0.32 8.7
Cyclopteridae 1 10.0 0.68 18.4
Stichaeidae 1 10.0 0.79 21.4
Agonidae 1 10.0 0.07 1.9
Unid. fish 1 10.0 0.07 1.9

n : 10 sanpl es %= 3.69 g
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Table 15. Diet conposition of adult thick-billed murres collectedo t St. (GEOI J€ Island, Alaska,198%,

Food Taxa

Copepoda
Decapoda
Euphausiacea
Amphipoda
Squid

Gadidae
Pleuronectidae
Ammodytidae
Unid. fish

QO her

MALES - JULY , — FEMALES - JULY MALES = AUGUST ——FEMALES - AUGUST
3 3. Mean 1 & L Mean 5 a 1 n [ ¥ Mean %
L] 19.0  <0.005 <0.005 1 56 @ ,0056  <o0.005 - - - - .- . .e
1 4.8 0.01 0.2 1 5.6 0.02 0.3 - - - 1 333 0.05 0.2
9 2.9 24 60. 1 9 50.0 4.69 79.4 1 20,0 438 582 3 1000 14.04  63.2
-- - - - 1 5.6  <0.005  <0.005 - - -- -- - -
7 333 014 35 5 21.8 0.01 0.2 2400 0.71 9.4 2 66.7 2.50 113
5 23.8  0.14 3.5 5 27.8 0.16 2.7 2 40.0 0.26 3.5 2 66.7  3.14 14.1
1 4.8 0.1 3.5 - - -- - - - - -
- .- - -- - - .- — 1 20.0 0.51 6.8 - -
3 14.3 0.02 0.5 b 33.3 0.05 0.8 2 40.0 0.01 0.1 1 33.3 0.19 0.9
21 100.0 1.14 28. 4 i 9.4 0.99 15.2 5 100.0 1.65 219 3 100.0 2.28 10.3
21 sanples %= 4.01 g 18 samples %= 591 ¢ 5 samples %= 7.53 g 3 samples X= 2220 g




Table 16. Diet conposition of adult thick-billed murres collected at thePribilof

I'slands, 1984.
St. George St. Paul
Food Taxa Occurrence _ Wet Welght (g) Oceourrence  Wet Weight (m)
a3 _Mean = _ 2 n _%_  _Mean_ 2__

Copepoda 5 10.6 <0. 005 <0.005 -
Decapoda 3 6. 4 0.01 0.2 -
Euphausiacea 22 46. 8 4,23 67.5 -
Amphipoda 1 2.1 <0. 005 <0.005 -
Squi d 16 34.0 0.30 4.8 -
Gadidae 14 29.8 0.35 5.6 10 100.0 5.41 71.6
Pleuronectidae 1 2.1 0.06 1.00 -
Ammodytidae 1 2.1 0.05 0.8
Unid. fish 12 25.5 0.04 0.6
Other 46  97.9 1.21 19.3 10 100.0 2.15 28.4
n 47 samples %=6.27 ¢ 10 samples X=7.56 ¢
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wal | eye pollock and unidentified Gadidae. T-tests showed no differences
(P>0.01) in the lengths of the two types of otoliths taken by adult birds
on the two islands (Table 17).

The21 meals collected from thick-billed murrre chicks atSt. Paul
were taken over a shorter time period (6 and 7 August) than were the 31
chick meals collected at St George (31 July=15 August). In addition, St
Paul sampl es were mainly fromsnaller chicks than were the St George
sanples. These two factors must be kept in mind when interpreting the
observed differences in chick diet. At St. CGeorge, squid occurred in 23
of 31 sanples and accounted for 82% of food wet weight; identified fish
(Gadidae and Cottidae) occurred in 5 of 31 sanples and accounted for 9% of
food wet weight (Table 18). Chick diet on St. Paul was very different.
Squid were absent; fish occurred in 19 of 21 stomachs and accounted for
99% of food wet weight. The differences between the two islands in the
occurrence and wet weights of squid and identified fish in chick meals
were all significant (a1 Gtest and U-test probabilities <0.001).

The amounts of fish eaten by adults versus chicks did not differ
significantly either at St. George or at St. Paul (Table 19). At St. Paul
adult and chick diet was largely fish. Not surprisingly, there were no
differences in the anounts of crustaceans or squid eatenby the two age
groups. At St. Ceorge, however, adult murres ate significantly greater
amount s of crustacea (P<0.01) and significantly | esser amountsof squid
(<0.01) than they fed to their Gchicks.

Par akeet Aukl et _(Cyelorrhvncus psittacuia)

A small nunber (r=15) of parakeet auklets was collected at St.
George on 31 July and 15 August. Predomnant in the wet weight dietof
these birds were unidentified fish (73%, other unidentified food naterial
(9%, and copepods and decapods (each conprising 6% (Table 20). Al of
t he above taxa, except decapoeds, occurred in nore than half of the
stomachs examned. Lesser anounts of anphi pods, euphausiids, and
especially squid and gastropod occurred in the sanples.
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Table 17. Lengths of gadid otoliths taken from the stonachs Of thnick-billed murres collected at the

¢ Pribilof |slands, 1984.
Walleye pollook 8t. Qeorge 4 15
St. Paul 10 by
Unid. Gadidae St. George k7 41
St. Paul 10 43




Table 18. Diet conposition of thick-billed murre chicks at the Pribilef |slands, 1984.
ST. GEQRGE ST. PAUL
Copepoda —— - - 3 19.0 <0. 005 <0. 005
Decapoda - - - 5 23.8 0.02 0.6
Amphipoda 1 3.2 <0.005 <0.005 2 9.5 <0.005 <0.005
Cumacea - 1 4.8 <0. 005 <0. 005
Squi d 23 74.2 4.4y 82.4 -
Gadidae 3 9.7 0.08 15 6 286 0.97 21.2
Cottidae 2 6.5 0.42 7.8 1 4.8 0.35 9.8
Myctophidae -- - 1 4.8 0.05 1.4
Pleuronectidae -- - 1 4.8 0.07 2.0
Ammodytidae -- - 4 19.0 0.82 23.0
Cyclopteridae -- 3 14.3 0.07 2.0
Stichaeidae -- - 2 9.5 0.82 23.0
Agonidae -- 2 9.5 0.33 9.2
Unid. fish 5 16.1 0.47 7.6 2 9.5 0.06 17
O her 9 29.0 0.05 0.9 4 19.0 0.01 0.3
n 31 samples %539 ¢ 21 sanpl es %= 3.57 ¢
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Table 19. Standardized wet wei ghté of food found in adult and chick sanples of thick-billed murres at the

Pribilof | sl ands, 1984.
St andar di zed
_ Mann-Whitney

Location _Food Taxa Adults Chicks Z L
St. Ceorge Crustacea 41.6 *46.9 (47) 3.2 £ 18.0 (31) 4,07 <0.01
Sguid 15. 1*34*0 (47) 4.2 4+ W45 (31) 4.70 <0.01
ldentified fish 22,1 + 40.0 (47) 16.1 *37.4 (31) 1.41 0.16
St. Paul Crustacea 0.0 £ 0.0 (10) 1.1%2*1 (21) 2.02 0. 04

Squid . 0.0 + 0.0 (l0) 0.0 £ 0.0 (21) - o
| dentified fish 100. 0-0. O (10) 89.4 x 29.8 (21) 2.37 0.02
Both islands Crustacea 34.3 *45.4 (57) 2.3 +13.9 (52 3.33 <0.01
Sgui d ' 12.4 *31.3 (57) 44,2 £ 50.2 (52 2.62 <Qol
ldentified fish 35.8 £ 47.0 (57) 45.7 *49.9 (52 0.33 >0.05




Tabl e 20.

George Island, 1984.

Di et conposition of adult parakeet

auklets collected at St.

Food Taxa

Copepoda
Decapoda
Euphausiacea
Amphipoda
Squid

Gast ropoda
Unid. fish

O her

FE
9 69. 2
6 46. 2
5 38.5
3 23.1
1 7.7
1 7.7
10 76.9
10 76.9
13 sanpl es

Wet Weight (g)
Mean 3.
0.05 6.2
0.05 6.2
0.02 2.5
0.03 3.7
<0. 005 <0. 005
<0.005 <0.005
0.59 72.8
0.07 8.6
%= 0.81 g
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Least Auklet (Aethia pusilla)

During the 1984 study, 49 food |oads brought to least auklet chicks
by adults were collected--41 at St. Ceorge and eight at St. Paul. Most
sanpl es were obtained by netting birds as they flew into nesting areas and
collecting any food material that they dropped. At St. CGeorge, sanples
were collected during July and August; at St. Paul, only during July
(Table 21). |

There were no significant differences in the conposition of food
| oads collected at St. George in July and August (all U-test probabilities
>0.01), nor were there any significant differences between the dietsof
St. Ceorge and St. Paul birds (a1l test probabilities >0.01). The diet in
all 49 food |oads conmbined was prinarily copepods (89% of wet weight)
followed by equal anmpunts of decapods, amphipeds and unidentified material
(each 3% of weight), euphausiids (2%), unidentified fish (1.1%) and traces

(<0.005% of gastropod and oligochaetes.

Fifteen sanples weresel ected at random from the 25foodloadswith
the highest gross weights. These sanples were anal yzed in detail (Table
22). Three species of calanoid copepods dom nated the dietof these 15
birds. In descending order of abundance were _Calapus plumehris, C.

marshallae and C. cristatus. C. opistatus, however, was about twce the
size of its congeners and hence dom nated diet by wet weight, followed by
C. plumechris and C. marshallae. Since Many ecalanoid copepods Were too
digested to be identified to species, the taxon Calanus spp. Was also an
inportant dietary item (18 of itens and diet wet weight). Least auklets
brought food items to their chicks that ranged in average length from 3.6
to 13.0 mm

Crested Auklet (4ethia cristatella)

Thirteen crested auklets were collected near St. George for food
habits studies (Table 23). In this small sanple of birds, wet weight diet
was predomnantly unidentified material (55%) and euphausiids(%43%).
Squi d and copepods were taken in trace (<0.005% amounts.
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Table 21. Diet conposition of adult |east auklets collected at the Pribilef |slands,

1984.

—Food Taxa
Calanoida

O her Copepoda
Decapoda
Euphausiacea
Amphipoda

Gast ropoda
Oligochaeta
Unid. fish

O her

St. George, July St, George, August. St. Paul, July
ront s vygser -ws s~ sl e sl
8 38.1 0.95 40.9 y 20.0 0.27 22.5 3 37.5 0.92 36.4
13 61.9 1.12 48.3 16 80.0 0.76 63.3 5 62.5 1.38 54.5
1T 81.0 0.06 2.6 13 650 0.02 1*7 7 &5 0.13 5.1
9 429 0.01 0.4 8 40.0 0.07 5.8 1 125 <0.005 <0.005
6  76.2 0.07 3.0 4 700 0.04 3*3 2 25.0 <0.005  <0.005
3 143 <0.005  <0.005 1 5.0 <0.005  <0.005 2 25.0 0.0) 0.4
1 5.8 <0.005  <0.005 1 5.0 <0.005 <0.005 - --
5 23.8 0.04 17 2 10.0 <0.005 <0. 005 l 12.5 0.03 1.2
20 95.2 0.06 2.6 7 35.0 0.03 2.5 4 50.0 0.06 2.4

21 sanples %= 2.32 ¢

20 sanples %= 1.20 ¢

8 samples X= 2.53 ¢
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Table 22. Detailed diet conposition in 15 least auklet sampies chosen at random.

Food Taxa

€. Spp.
Al Copepoda

Lithodidae spp.
Reptantia spp. (crabs)
Natantia spp. (shrinps)
Deecapoda spp.

Al | Decapoda

L. spp.
Al | Eusphausiacea

0 Spp.
Al Amphipoda

limacina helicina
Al Gastropod

Osteichthyes spp. (fish)
Other

n

Ocecurrence Frequency Yet Welght () —Length (mm)
o [ 8 n [ Mean S.D. [ Mean S JL-o
4 26.7 2,990 27.3 0.39 0.9 16.7 4.1 0.6 81
6 %0.0 4,221 38.5 0.58 1.0 24.8 4.6 0.7 150
9 60.0 1,390 12.7 0.78 0.9 33.3 8.6 0.6 142
1 6.7 50 0.5 0.03 0.1 1.3 8.2 0.5 25
)} 26.7 2,004 18.3 0.41 0.9 17.5 4.3 0.6 100
15 100.0 10, 655 97.3 2.18 1.3 93.2 6.1 0.6 498
2 13.3 79 0.7 0.03 0.1 1.3 6.4 0.9 30
7 6.7 43 0.4 0.01 0.0 0.4 7.9 1.4 30
9 60.0 72 0.7 0.02 0.0 o.g 11.3 2.8 38
1 6.7 6 0.1 <0. 005 « . 005 + 9.2 0.5 5
13 86,7 200 1.8 0.06 0.1 2.6 95 1.9 103
3 20.0 9 0.1 <0. 005 <0. 005 + 8.8 0.9 5
% 20.0 6 0.1 <0. 005 <0.005 + 13.0  12.7 b
6.7 7 0.1 <0. 005 <0. 005 + ?2*5 0.6 .4
5 33.3 4y <0.005 0.01 0.0 0.4 - am .-
8 53.3 26 0.2 0.01 0.0 0.4 0.4 5.2 13
10 66.7 51 0.5 0.02 0.0 0.9 6.9 2.5 40
10 66.7 51 0.5 0.02 0.0 0.9 6.9 2.5 40
] 26.7 5 <0.005 <0. 005 <0. 005 + 3.6 0.4 3
N 26.7 5 <0. 005 <0. 005 <0. 005 4 3.6 0.4 3
1 6.7 17 0.2 0.03 0.1 1.3 - - --
11 73.3 -— - 0.02 0.0 0.9 - - --
15 sanpl es 10,954 items %= 2.34 g 657 [tens

%147 denotes <0.1%.



collected at St

George |Island,

Table 23. Diet of adult crested auklets
Al'aska, 1984.
Food Taxa Qccurrence Wt Weight (g)
n 4 Mean 2
Copepoda 2 15.4 <0. 005 <0. 005
Euphausiacea 10 76.9 0.17 42.5
Squi d 1 2.7 <0.005 <0.005
O her 10 76.9 0.22 55.0
n 13 sanpl es %= 0.40 ¢
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Tufted Puffin (Fratercula eirrhata)

In the eight tufted puffins collected near St. Ceorge, gadids
conprised 85% of diet wet weight and ceeurred in five stomachs (Table 24)0
The diet of these birds was mostly fish (89%) with much smaller anmounts of
copepods, squid and unidentified material.

Horned Puffin (Fratercula corniculata)

Fifteen adult horned puffins were collected during the study--one at
St Paul and 14 at St. George. The diet of these adults was prinmarily
squid, gadids and unidentified fish, although trace amounts (<0.005% of
wet weight) of several kinds of crustacea and polychaetes were al so eaten
(Table 25). In three chick sanples, Hippoglossoides elaSsodon
(Pleuronectidae), Ammodvtes hexapterus (Ammodytidae) and unidentified
Gadidae Were the fish species present.

DI SCUSSI ON
Nort hern Fulmar

Hunt et al. (1981) collected five fulmar Stomachs from the Pribilofs
and five fromelsewhere in the Bering Sea. The diet of those fulmars was
somewhat different than that observed in 1984. In 1984, invertebrates
conprised only about 3% of diet wet weight but in the birds analyzed by
Hunt et al., about 25% of diet volume. Like Hunt et al., | was unable to .
determne whether the fish present in the fulmars were caught by the birds
or scavenged from fishing operations. Pollock conprised nost of the fish
taken by Hunt's birds. In this study nost of the fish remins present

could not be identified to species.
Red-faced Cornorant
Compared to previous efforts by Hunt et al. (1981) over a four year

period, few food sanples were collected fromred-faced cornorants in this
study. Hunt et al. collected 169 samples, of which 127 were
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Table 24. Diet conposition of adult tufted puffins collected at St. George
Island, Al aska, 1984.

_Food Taxa Qccurrence Het Weight (g)

) . n [4 Mean 2
Copepoda 1 12.5 0.01 0.6
Squi d 2 25.0 <0. 005 <0. 005
Gadidae 5 62.5 1.39 , 84.8
Myctophidae 1 12.5 0.03 1.8
Unid. fish 1 12.5 0. 04 2.4
O her 8 100.0 0.17 10.4

n 8 sanpl es ¥=1.64 ¢
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Table 25. Diet conposition of horned puffins collected at the Pribilef |sl|ands, 1984,
ADULTS GHICKS
—Food Taxa Qecurrence Het Weight (&) Sceurrence Het Weight (g)
n b 5 Mean i a 4 Mean i
Copepoda 5 33.3 <0.005 <0.005 i 33.3 <0.005 <0.005
Decapoda 3 20.0 <0.005 <0.005 - - e
Euphausiacea 1 6.7 <0.005  <0.005 - -
Amphipoda 1 6.7 <0.005 <0.005 - -- -
Squi d 6 40.0 1.04 45.0 - - - - - -
Polychaeta 1 6.7 <0.005 <0.005 - -- - -
Gadidae 7 46.7 0.60 26.0 1 33.3 0.03 1.3
Pleuronectidae .- - -- - . - .
Ammodytidae - - 1 33.3 0.84 37.T
tnid. fish 7 467 0.54 234 1 333 1.36 61.0
Other 12 800 0.12 5.2 1 333 <0.005  <0.005
n 15 sanpl es ¥= 2.31 @ 3sanpl es = 2.23 ¢
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regurgitations (according to Schneider and Hunt 1984), conpared to the 22
taken during this study. Hunt et al. and Schneider and Hunt found nore
invertebrates and cottids in their regurgitations than did I. On the
other hand, | found Ammodytes to be present in a larger proportion of,
stomachs and in greater anounts than they did. Mst of my sanples were
collected froma small section of eliff near Starya on St. CGeorge, and it
can't be ruled out that the preponderance of Ammodvtes Was a | ocal
phenomenon.  Too few cornorant sanples were collected by me to make nany
general i zations about the birds* diets. | did, however, find sone fish
species not previously noted by Hunt et al. (Trichoedon trichodon and
Pholis orpata). Hunt et al. found significant differences in the diets of
adults (stomachs) and chicks (regurgitations).

Bl ack- | egged Kittiwake

In the 80 black-1egged kittiwakes collected at St. George, | was
unable to detect sex-related differences in diet “but | did note sone

changes in diet fromJuly to August, with the use of gadids and Ammodvtes
increasing over time. | detected simlar tine, but not sex, differences

inthe diets of St. Paul birds with a significant increased use of
polychaetes from July to August. The time-trends | noted were only over a
two month period but the trends observed generally agreed with those
observed by Hunt et al. (1981) over a longer period (June to Septenber)
and with larger sanple sizes (n=579). Unlike these authors, however, |
found an increased use of polychaetes from July to August at St. Paul. In
conmbi ning sanples from both islands, Hunt et al. noted a general decrease
in the use of polychaetes between these two months. Gven the observed
differences in adult diet between July and August, | did not conbine all
sanples to | ook for differences between the diets of St. George and St.
Paul birds. Schneider and Hunt (1984), however, did find such inter-island
differences in the occurrence of nereids, euphausiids and pollock.

Red- | egged EKittiwake

As noted by Hunt et al. (1981) and Schneider and Hunt (1984) red-
| egged kittiwakes feed |argel yon myetophid fish which they apparently
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find at the shelf break at night. In this study, myetophids formed 54% of
the wet weight diet of adult birds and 62% of that of chicks. Hunt et al.

(1981) noted sone seasonal changes in diet but these were not
statistically significant. | was unable to test for tine-trends in diet

because of the small nunmber of August sanples. The simlarity in diet

bet ween adults and chicks noted in this study suggests that combining
sanpl es from adults and chicks (as was done by Hunt et al.) does not

negate inferences made about tine-trends in diet.
Commom Murre

Only small nunbers of common murre food sanples were collected during
this study. Although some of the differences in diet composition between
aduts cOl | ected at the two islands were large, none was significant.
Schnei der and Hunt (1984) found that St. ceorgebirds contained greater
nunbers and vol umes of euphausiids than did St. Paul birds, a finding
corroborated by ny meagre results.

Thick-billed Murre

In this study | found differences in the diets of adults as well as
chicks between St. Ceorge and St. Paul islands. | also found significant
differences indict between adults and chicks at St. George. Schneider
and Hunt (1984) found few differences in adult diet between the two
I slands other thanan increased occurrence of euphausiids in St. Ceorge
birds. Hunt et al. (1981) noted some non-significant seasonal trends in
diet (decreased use of invertebrates over time concomtant with an
increased use of fish). | was unable to detect such differences with the

sanpl es available to ne.
Par akeet Aukl et

In the small naumber of sanples collected (n=15), unidentified fish
were the dom nant food taxem, representing 73% of wet weight. By contrast,
Hunt et al. (1981), using 55 samples collected over four years, found
invertebrates to be domnant (al nost 75%of diet volume). In addition to
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the invertebrates recorded by Hunt et al., | also recorded decapods in the
diets of parakeet auklets. They and copepods were the dom nant
invertebrates in the diet (each 6% of wet weight).

Least Auklet

The results fromthis study indicate that calanoid copepods, and
especial |y Calnus plumchris, C. marshallae and C. eristatus dominate the
diet of breeding |east auklets. Hunt et al. (1981) reached a simlar
conclusion on the inportance of copepeds. | ndeed, the overall composition
of auklet diets in the two studies was quite simlar.

Crested Aukl et

Euphausiids conprised nearly all of the identifiable food material in
the 13 crested auklet sanples collected in 1984 Hunt et al. (1981) -found
t hat euphausiids and amphipods were nmmjor diet conponents in the 20
sanpl es they anal yzed.

Tufted Puffin

Gadi ds domi nated the diet of the small number of tufted puffins
col lected in 1984 (85% of diet wet weight in eight birds). In 23 sanples
collected by Hunt et al. (1981), simlar results were obtained.

Horned Puffin |

In the 15 adults collected in1984, squid comprised 45% of diet wet
wei ght but squid conprised none of the food volume in 39 sanples collected
by Huntet al. (1981) from 1975 to 1978. Huntet al. also recorded many
more fish speeies than | did but this may have been due to the tendency of
these authors to conbine adult stomachs and chick regurgitations.

299



I nplications for the Mnitoring of Seabird Diets

There are two main topics to be addressed in designing a nonitoring
system for seabird diets: Wat shoul d be monitored? How shoul d sanples be
col lected and results be reported?

This study and those by Hunt etal.(1981) and Schnei der and Hunt
(1984) have shown differences in the diets of (1) birds of the sane
species collected at the sane tinme on adjacent islands, (2) adults and
chicks of the sane speecies, and (3) the sane species and age-classes of
birds at different tinmes during the breeding season. Qoviously for a
nmoni toring scheme to be successful, information nust be gathered on the
same kinds of birds fromyear to year. At the Pribilofs it would do no
good to collect sanples at St. Paul in one year and at St. George the next
I f diet varied by island and within year in the species being nonitored.
In sone circunstances it would be reasonable to combine food sanples
collected in different ways. For exanple there were no differences in
adult vs. chick diets in red-legged kittiwakes, SO a collection of sanples
from adults and chicks would be a reasonable way to leok at seasonal
changes in diet. A simlar approach would not be appropriate for thick-
billed NuUrres because adult and chick diets are dissimlar. Collections
must be carefully controlled so that differences detected in the
nmonitoring programreflect changes in diet and not changes in the kinds of
birds being investigated, or in the methods being used to investigate such
differences. Unfortunately, different bird species behave indifferent
wayssoitWi | | probably always be necessary in diverse colonies |ike the
Pribilofs t0 sel ect representative species to be nonitored. One
consideration in the selection of such species should be the degree to
which collections of sanples can be controlled.

It is also inportant to recogni ze that certain nethods of diet
analysis are inherently nore precise and can be denonstrated to be nore
consistently applied than others. As denonstrated in the 'Methods'
section, Wweights measured on a quality digital balance are nmore precise,
consistent and rapid than volunetric measurements. | recomrend that wet
wei ghts be used as the standard nethod of reporting food studies results.
Non-parametric statistical testing of weight and occurrence data. also seem
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to be nore appropriate than parametric tests with their associated
assunptions about normality.

SUMVARY

Food sanples were collected fromadults of 10 of the 11 species studied
(not red-faced cormorant). The diets of these 10 species are summarized
in Table 26. In 5 species (northern fulmar, both kittiwakes, parakeet
auklet, tufted puffin) fish conprised greater than 80%.of wet weight diet.
In these other species (comon murre, thick-billed nurre, horned puffin)
fish conmprised 25-70% of diet wet weight, with the remainder being
primarily crustaceans (inmurres) or squid (in horned puffins). In the
remaining two species (least and crested auklets), fish conprised |ess
than 2% of diet wet weight, whereas crustaceans conprised greater than
94% Based on these results, | conclude that, in general, adults of the 5
species in the first group are typically fish eaters; the nurres and
horned puffins take a varied conbination of fish, crustaceans and squid;
and least and crested auklets feed primarily on crustaceans. The diet
conposition of the 22 red-faced cornorant regurgitations was primarily
fish.

The generality of these statements nust be borne in mnd. Differences
inthe diets of birds grouped by age, tine, or island were found in 3 of
the 4 species studied in detail. Only in |east auklets was the diet
simlar between nonths and islands. Hence, when nonitoring the diets of
seabirds, it is inportant to control collections for various attributes of
the birds' ages, collection locations and times of sanpling.

| also found that wet weight measurements of food sanples were nore
rapid, more precise and nore consistent than were volunetric measurements.
Wt weights are recormended as the preferred nethod of measuring the
anmounts of food eaten by seabirds. Generally, non-paranetric statistical
nmet hods are nore appropriate for analyzing differences in the anount of

food eaten than are paranetric methods.
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Tabl e 26. Summary of food habits of 10 speci es of seabirds at the Pribilof |slands, 1984, based on
adult collection.

g of Diet Wiet Weight™
—Species (No, of Samples) Crugtaceans Squid Gastrovods Eolychaetes Eish

Northern fulmar (15) 0.3 0.6 + 99.2
Bl ack- legged kittiwake (102) 4.3 0.5 0.2 5.6 89.3
Red- legged kittiwake (51) 13.5 0.7 0.6 85.1
Comon murre (16) 31.3 69.1
Thi ck-bi | | ed murre (57) 68.3 4.9 26.5
Par akeet auklet (13) 13.7 + + 80.0
Least auklet (49) 98.3 + 1.1
Crested auklet (13) 9.4 + -
Tufted puffin (8) 0.7 + 99.3
Horned puffin (15) 0.4 47.5 + 52.1

%* . . . . .
The wet weight of the food taxen ‘ Qther’wss assigned te major groups in a proportional fashion,
o YW desiguatgs taxon was present in ? I'%C\gs amount%. jor group prop
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Appendi x 1. Food sanples collected from seabirds at the Pribilof Isla{nds, Al aska, 1984,
No. Birds
Date Island Species ~Sampled Ivpes of Samples
1 July St. CGeorge Least aukl et 12 12 AdS
9 July St. George Northern fulmar 8 8 AdS
Bl ack- | egged kittiwake 28 28 AdS
Red- | egged kittiwake 3 3 ads
Common murre 5 5 ads
Thick-billed murre 9 9 ads
Horned puffin 2 2 AdS
18 July St. Paul Bl ack- | egged kittiwake 13 13 ads
Red- | egged kittiwake 1 1 ads
Conmon murre 5 5 ads
Lesat aukl et 11 10 AdS, 8 cwF
23 July St. George Leeet auklet 10 1 ocvr
24 July Geor ge Red-faced cornorant 1 1 chr
25 July Geor ge Red-faced cornorant 1 1 ChR
Red- | egged kittiwake 3 3 ChR
26 July St. Ceorge Red-faced cornorant 4 4 ChR
Red- | egged kittiwake 3 3 ChR
27 July St. Ceorge Thi ck-bill ed nurre 12 12 AdS
Par akeet aukl et 1 1 Ads
Crested auklet 11 11 AdS, 11 chF
28 July St. George Red-faced cornorant 5 5 ChR
Bl ack- | egged kittiwake 14 14 Ads
Red- | egged kittiwake 3 29 AdS, 2 cnR
29 July St. Ceorge Red-faced cornorant 2 2 ChR
Red- | egged kittiwake 1 1 ChR
30 July St. George Bl ack- | egged kittiwake 30 30 AdS
Red- 1 egged kittiwake . 16 15 AdS, 1 ImS
31 July St. George Northern fulmar 7 7 AdS
Red-f aced cormorant 5 5 ChR
Red- | egged kittiwake 1 1 ChR
Common murre 2 1 AdS, 1 ChF
Thi ck-bi |l ed murre 18 18 AdS, 1 ¢ChF
Par akeet aukl et 2 2AdS, 1 chF
Least auklet 12 11 CchF, 1 ChS
Crested aukl et 2 2 AdS, 2 chF
Tufted puffin 6 6 AdS
Horned puffin 7 7 Ads
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_Appendix 1 (cont.)

No. Birds
Date Island Specieg _Sampled Types of Samples

6 August St. Paul Bl ack-| egged kittiwake 2 2 ChR
Comrmon murre 4 4 Chr
Thi ck-billed murre 12 11 ChR, 1 ChF
Horned puffin 1 1 ChR

7 August St. Paul Bl ack- | egged kittiwake 1 1 ChR
Common murre 2 1 ChR, 1 ChF
Thi ck-bi |l ed murre 9 6 ChR 3 ChF

8 August St. Paul Red-faced cornorant 2 2 ChR
Bl ack- legged kittiwake 13 9 AdS, 1 ImS,3ChR
Red- | egged kittiwake 1 1 Ads
Conmon  murre 6 4 Ads
Thi ck-bi || ed murre 1 10 AdS
Hor ned puffin 1 1 Ads

10 August St. George Least aukl et 19 19 chF

11 August St. Ceorge Red-faced cornorant 2 2 ChR
Red- legged kittiwake 2 2 ChR
Thick-billed murre 10 7 ChR 3chF

13 August St. Ceorge Common murre 1 1 ChR
Thick-billed murre 11 9 ChR, 2 ChF

15 August St. CGeorge Bl ack- | egged kittiwake 8 8 AdS
Red- | egged kittiwake 2 1 ChR, 1 AdS
Common murre 3. 1 AdS, 1 ChR, 1 ChF
Thick-billed murre 16 8 AdS, 8ChR 1 cnF
Par akeet auklet | 10 AdS, 6ChF
Tufted puffin 2 2 Ads
Horned puffin 5 5AdS, 2 ChF

(I'n this table Ad. adult,

| oad.)

Imn=immture,
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| NTRODUCT! ON

The United States 0CS Lands Act Amendnents of 1978 (92 Stat. 629)
requires the nonitoring of marine and coastal environments follow ng oi
and gas |ease sales. This nonitoring shall ‘provide time-series and data
trend information which can be used for identifying any significant
changes in the quality and productivity of the environments, for
establishing trends in the areas studied and nonitored, and for designing
experinments to identify the causes of such changes. The data provided by
monitoring are also needed for inclusion in |ease sale environnmenta
statements.

The U S. Minerals Management Service (MMS) has designated seabirds in
the Bering Sea and Arctic Ccean breeding colonies as one environmenta
conponent that should be nonitored in Al aska 0oCs areas, because these
seabirds are (1) highly visible and major conponents of marine ecosystens,

(2) protected by international treaties between the U S A, the U S S R
Japan, and Canada, and (3) may be vulnerable to adverse effects of 0CS

| ease devel opnent. Colonies at Cape Peirce and on the Pribilof |sl|ands
have been selected for nonitoring studies in 1984,

Monitoring of seabirds, as defined herein, has two main purposes, as
the OCS Lands Act Amendments nake clear:

(1) To repeatedly measure bird popul ations over time so that
popul ation changes can be detected, and
(2) To identify the causes of such changes.

Itis inplied by the Lands Act Amendnents that the causes of change should
be sorted at l|east into those related to OCS |easing and those independent
of OCS | easing activities.

The attributes of seabird colonies that should be nonitored would

| ogi cally be those valued by society. The nost inportant variable thus

seens to be bird abundance! though factors such as productivity that are

known to regul ate abundance may |ogically also be candidates for
moni tori ng.
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This chapter discusses concepts and principles of seabird nonitoring
in view of the legal mandates and needs of MVS in Al aska. Information
fromthe literature and from studies conducted in 1984 at Cape Peirece and
the Pribilef |slands are used to devel op these discussions On the basis
of the discussions, recommendations are made for the continuation of
seabird monitoring programs in the A askan Bering Sea.

The foll owing section provides a brief review of observed changes in
seabird abundance at col onies and causes of those changes, with particular
reference to the effects of OCS activities. Oher sections use this
information to evaluate strategies for neasuring change in Al askan seabird
colonies and for determning whether ocs activities are inplicated.

BACKGROUND:  SEABI RD POPULATI ON CHANGES AND CAUSES OF CHANGE

It is clearly possible to neasure changes in nunbers and productivity
of some seabird species at col onies. Bourne (1972) reported surveys of
auk colonies in Britain that detected changes in guillenot (= conmon
nurre) numnbers of about 50 percent and in razorbill (Alca torda)
popul ations of about 20 percent. Lid (1981) documented relatively drastic
changes in annual productivity of Atlantic puffins (Fratercula arctica) in
the Lofoten Islands, Norway. Wanless et al. (1982) detected annual
changes in murres and black-|egged kittiwakes (nests and individuals) and
northern fulmars (individuals) of x 30 percent in Scotland. Gaston et al.
(1983) were able, by intensive observation of breeding birds, to estimte
total eggs laid by thick-billed murres Wi thin about 5 percent of the true
nunbers in NWT., Canada, colonies. Richardsonet al. (1981) indi cated
that small changes (as |ow as 2-4 percent) in nunbers of apparently
occupi ed kittiwake nests coul d be detected between years in Shetland.

Causes of changes observed are nore difficult to document, though
many workers have observed What they believe are food-caused changes in
abundance or productivity of many of the species that are found in A aska.
Bourne (1972) notes the deaths, suspectedOf being caused by starvation?
of many guillenmots in the Irish Sea in 1969. Gaston and Nettleship (1982)
bel i eved that nunmbers of thick-billed murres observed at acolony in
Canada declined when food becane scarce, sinply because food scarity
caused the birds to spend nore time foraging at sea away from the col ony.
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Lid (1981) found high chick mortality in puffins in Norway to be caused by
food shortages. Bourne (1976) suspected that an instance of mass
nortality observed anmong common murres in the Irish Sea might have been
caused by food shortages. Richardson et al. (1981) believed that declines
in popul ations of some seabirds in the North Sea might have been caused by
depl etion of their food supplies by fishing fleets, Bailey and Davenport
(1972) believed that adie-off of Conmon nurres on the A aska Peninsul a
and Unimak |sland resulted fromstarvation precipitated by severe weat her
that prevented normal access to food. Hunt et al. (1981b) state that
decreases in productivity of kittiwakes and ot her species in the Bering
Sea are probably caused by changes in food supply. Springer et al. (1984)
correlated changes in the reproductive success of murres and kittiwakes in
the northern Bering and eastern Chukehi Seas with apparent changes in
stocks of fish prey possibly caused by alteration of meteorologic and
oceanogr aphi ¢ conditions.

The phenomenon of population regulation by food availability is
w despread al so among species of seabirds not common in the Bering Sea,
| ending additional support to the idea that birds in the Bering Sea m ght
be regulated by food. Croxall and Prince (1979) note the |arge increases
in several krill-eating penguin species in Antarctica after other krill

(Euphausia superba) predators (whal es) declined. Anderson and Gress
(1984)f ound breedi ng success and wi nter popul ations of brown pelicans
(Pelecanus occiden alis) to rise or fall with the abundance of their

dominant prey, northern anchovies (Engrauiis mordax). Burger and Cooper
(1984) and Furness (1984) reported changes in the abundance Of penguins,
gannets and cornorants in South and Southwest Africa, and of nost seabirds
in Scotland, in response to changing food abundance caused by commercia
fisheries.

Qther causes of declines in seabird populations have been suspect ed,
but none have been inplicated to the extent that food shortages have.
Bourne (1972) suggested several other possible reasons for observed
declines of guillemts in the Irish Sea (i.e. poisoning fromtoxic
chem cals, predation by gulls, oil pollution), but none of the
possibilities was supported by evidence. Bourne (1983) nentioned some
possi bl e causes of change in seabird populations in general, including
climatic fluctuations, nmortality of birds in fishernen' s nets,

311



introduction of predators to breeding colonies, and human exploitation.
Cairns (1980) correlated locally decreased chick productivity with higher
| evel s of human aetivity in the vicinity ofa black guillenot colony in
the St.” Lawence River estuary.

Several kinds of activities related to ocs devel opnent (e.g. oil
spills, human activity or aircraft or boat traffic near feeding areas or
colonies) are thought to be potential causes for declines in seabird
abundance (Hood and Cal der 1981a, Hameedi 1981). Of these, only spilled
oil has been denonstrated to have appreciable effeets, and in nost cases
the effects have been observed at spill sites but not at colonies. A
series of oil spills in the North Sea at oOrkney, Shetland, and north.
eastern Scotland in late 1978 and early 1979 killed at |east 4000 birds,
mostly nurres and razorbills (Richardson et al. 1981, 1982). (One of these
spills, that of the Esso Bernica, apparently caused declines in nearby
colonies. In 1977 an oil spill at Benpton Cliffs, Humberside, British
Isles affected over 1400 nurres, and may have caused a substantial drop
the rollowing summer in nunbers of murres in a nearby colony (Stowe 1982).

Efforts to model the effects of oil spills have been made, but the
validity of nodel results is uncertain. Sinulations of seabird damage and
recovery fromoil spills by Samuels and Ladino(1984)and by Samuels and
Lanfear (1982)suggest generally higher levels of damage and much ionger
popul ation recovery rates of seabirds from worst-case incidents than have
been observed to occur. Ford et al. (1982) nodel ed the responses of
nurres and kittiwakes t0 three oil spill scenarios near breeding col onies
at St. CGeorge Island in the Bering Sea, Alaska. Their nodels suggested
that mortality mght conme indirectly fromfood-web inpacts as well as
directly by oiling of bhirds, but the [iterature reviewed does not report
actual cases of oil-caused nortality on food-webs that have affected
bi rds.

Several summary points about popul ation change in seabirds, causes of
this change, and effects of OCS activities appear relevant to devel opnent
of a nonitoring strategy. First, it is elear that changes in seabird
popul ations and productivity are readily detectable in some species and in
sone Situations, at sometinmes quite low levels of change.  Second, nost
observed changes in seabird nunbers orproductivity at colonies have been
attributed to food shortages caused by natural or human-rel ated phenonena
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(e.g., climte, weather, comercial fishing, elimnation of conpetitors
for food, etc.) that change the abundance of (or prevent access to) prey
over broad areas. Third, the only OCS-related activities documented to

appreci ably affect seabird populations are oil spills; these effects have
general |y been observed as direct nortality near spill sites and only
infrequently have resulted in neasured changes at col onies. Mdeling
efforts have projected potentially larger and |onger-lasting effects from
| arge-scale oil releases than have been observed; nodels have al so
suggested that oil contamnation mght affect seabirds by reducing food
supplies. The relationship between predicted and observed effects from
oi | spills and ot her oCS-related activities is perhaps best summarized by
Bourne (1983):

n. ..serious damage is seldom caused except on a purely
tenporary and |ocal scale due to inexcusable carel essness
(whi ch still requires seerepunishment). Ot herwi se the damage
sel dom appears to exceed that which occurs at intervals from
other nore natural causes, and, far from show ng the delayed
recovery expected fromtheir low normal reproductive rate, the
birds have been found to recover unexpectedly rapidly,

presumably due to a relaxation of density-dependent population-
limting mechanisms.”

PROPCSED MONI TORI NG PLAN

I nplications of the above discussions to the design of an effective
seabird nonitoring program that nmeasures changes at colonies and sorts
devel opnent - caused change from that caused by. other factors are several.
It is clear that annual change in both numbers and productivity of
seabirds frequently occurs, independently of ocs devel opnent, and that
devel opnent - caused change is likely to be small in comparison. The only
devel opment activities that are likely to cause detectable changes at nost
colonies (given existing restrictions on chronic discharges of pollutants
and on devel opnent activities near colonies) are probably those related to
large oil spills; But even should large spills occur, their neasurable
effects on seabirds will alnmost certainly be |ocalized, and’ not
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di stingui shabl e over 1arge areas fromnatural variation. This "inplies
that (1) any nonitoring measurements nade over broad areas nust be
acconpani ed by measurements at sites of 0CS activity while there is nuch
hope of sorting consequences of 0il-and-gas-related activities from
consequences of other variables that affect seabird popul ations, and (2)
broad-scal e nmeasurement schemes would best be oriented to detecting the
kinds of changes that would be caused by oil pol | ution.

It is thus proposed that a useful monitoring program should include
annual ly (or bi-annually) repeated measurementsatselectedcoloniesin
the general regions of expected OCS activities, supplenmented by
experinental studies at specific sites (perhaps including places where cil
has been recently spilled) to quantify effects of selected activities. On
the basis of these considerations, detailed discussions of the strategies
proposed for nonitoring seabirds in the Bering Sea follow. First we
di scuss which variables should be measured and why. Then we recomrend
progranms for detecting popul ation changes and for determ ning whether
changes are caused by ocs devel opnent.

Sel ection of Variables to Masure

Three characteristics of seabird popul ations comonly suggested as
variabl es tobe measured in seabird nonitoring prograns are popul ation
nunbers, productivity, and food habits (see solicitation and proposal for
this project; wWiens et al. 1984). The main variable of interest to
society, in terms of inpact, is population nunbers. Productivity data are
collected to help interpret or predict changes in popul ation numbers.
Food habits data are collected to help interpret or predict changes in
productivity and popul ation nunbers. Each of these variables needs to be
eval uated for its usefulness to MVS for nmonitoring seabird popul ations.

The speciffic nmonitoring objectives determne which variables shoul d
be measured. In the follow ng discussions we assune that the objectives
are twofold--(1) to neasure trends (look for |ong-term changes) in
abundance of birds at colonies, and (2) to determ ne whether any changes
observed are caused by OCS l|easing and devel opment. The second objective
includes attributing cause of change to specific 0CS activities such as
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oil spills, drilling operations, shore-based operations, and disturbance
by aircraft, boats, or people near colonies.
There is potentially a third objective of nonitoring, which we do not

address in this report--to deternine the ultimte causes of population
changes that are attributable to other than OCS devel opment activities.
These causes mght include such factors as changes in oceanic currents or
water tenperatures, climatic changes, or changes in comercial fishing
pressures. Such an objective seens beyond the mandate of MVS, and a
reasonabl e response to it is probably beyond the normal fiscal scope of
nonitoring progranms. It would entail ecosystem process-oriented studies
i nvol ving many disciplines, nuch time, and large sums of noney.  Further
it mght not appreciably inprove the ability of MMS to measure or predict
the effects of |easing.

Popul ation Numbers

The usefulness of this variable is imediately obvious. It is the
maj or popul ation characteristic by which society judges the value of
seabird colonies. Relative to production, it is easier to neasure in nost
species and tends to fluctuate [ess fromyear to year (see Ford et al.
1982, Hunt et al. 1981b). Mst seabird nonitoring programs use variation
in nunber of presuned breeding adults as the primary neasure of change in
most species (e.g., Gaston et al. 1983, Wanless et al. 1982, Richardson et
al. 1981). The best application of counting nunbers of adults is in
prograns that neasure the same colonies in a systematic manner over nany

years
Productivity

Productivity has frequently been estimated at seabird col onies
(usuallyassome Measure of young produced per breeding pair) as a way of

comparing the general ‘health"of populations anong years or, |ess
comonly, as a tool in predicting change in population numbers. Attenpts
have frequently been nade to correlate observed changes in productivity
W th causative mechanisnms, and thus to isolate factors that ultimtely
control populations (see Lid 1981, Ford etal. 1982). Some authors (Lid
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1981,Croxall -and Prince 1979) have bl amed persisting changes in
productivity (caused by food supply echangesor other factors) for long-
term popul ation changes.

Repeat ed measurements of productivity unsel ected colonies areof
questionabl e val ue for establishing trends in populations. Because
variability anong years, and anong |ocations within years, is frequently
great under normal circunstances (Hunt et al. 1981b), productivity
neasures |end thenselves poorly to discrimnation of “abnormal” |evels of
productivity on a regional basis. Further, the effects of short-term
variations in productivity on |ong-term breeding population levels is
uncertain, and may be mniml (see Samuels and Lanfear 1981, Stowe 1982).

But productivity measurenments may | end thensel ves well to assessing
whet her selected 0CS activities have the potential to ultimately affect
popul ation nunbers.  Adult seabirds would not nornally suffer nortality
from such activities asincreased noise, disturbance and people or
predators near colonies, but their eggs and young mght (see Cairns 1980).
Further, because such activities tend to be spatially restricted (i.e.
effects extending afew kmor |ess fromthe source of disturbance),
rigorous experinments with spatial controls could be readily conducted to
determ ne whether 0Cs activities were the cause of observed productivity
changes. At some sites existing activities (e.g., aircraft, boat, or
human activity near colonies) might sinulate what would be expected to
occur with devel opment, and experiments coul d be conducted prior to

devel oprent .

Food Habits

In theory, because seabird populations are frequently regulated by
food, food habits data would appear to help establish whether the causes
of population changes are related to OCS devel opnent. That is,
correlations found between food habits changes and population or
productivity changes mght suggest a prey-nediated effect of OCS
devel oprent .

But in faet, food habits studies at colonies do not appear very
useful either for regional long-termnonitoring to exam ne popul ation

trends or for site-specific experinents. First, prey selection within
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species is frequently different anong col onies, often for reasons that are
not clear, and within-species diets nmay change within col oni es between
years and as the season progresses, sonmetines for |ikew se unclear reasons
(Hunt et al. 198la). To further confuse attenpts to correlate dietary
variables with OCS activities, it is highly unlikely that ocs activities
could affect seabird diets to nearly the extent that diets are affected by
other forces that cause changes in food supply (e.g. weather, climate,
ocean circulation, conmercial fishing--see Springer et al. 1984 Furness
1984, and earlier discussions in this chapter under "BACKGROUND"). These
natural forces comonly alter distribution, abundance, or accessibility of
seabird prey over wide areas; OCS activities have not been found to have
such wi despread effects, nor does it seem/likely that they in fact wll
have such extensive effects. Perhaps nost inportant of all, seabirds are
probably much nore vulnerable to eil spills (the only industrial action
that appreciably threatens prey) than is their prey. However,
catastrophic diet changes have been |inked to major population changes in
sonme species of seabirds (see Lid 1981). If diets of seabirds are not
noni tored systematically in simlar situations (e.g., Bering Sea), simlar
changes could be attributed arbitrarily to nearby ocs activities. There
is some justification, therefore, for including feeding studies in seabird
nonitoring programs, especially if such studies are interdisciplinary and
rel evant information on prey availability sasobeing collected.

Gven these considerations, it appears that (1) measured changes in
the seabird diet, or in the seabird prey base, would be al most inpossible
to attribute to ocs-related activities, given the uncertainties about
causes of dietary change and about the many natural forces that affect
prey base availability, and (2) oil spills, the only conceivable 0CS
activity that mght affect appreciable proportions of seabird prey, would
probably affect the seabirds nmuch nore drastically by oiling their
feathers than by killing or contamnating their prey.

Summé.r'y

Popul ation nunbers and productivity of seabirds, and in some cases
possibly food habits, appear to be useful variables to measure in a
monitoring program  Repeated measures of breeding bird population levels
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woul d be useful for nonitoring long-term population trend in several key
| ocations over a number of years. Measures of’ productivity are nost
useful for controlled, site-specific experiments to determne short-term
consequences to seabird popul ations of selected OCS activities. Measures
of popul ation levels al one will not be able to establish whether change
has been caused by OCS devel opment; |ocalized experinments alone probably
cannot determ ne whether changes found to result fromocs activities will
have regional or |ong-term population effects. Both methods used in
conbi nation, and possibly conbined with food habit studies, is the only
reasonable way to measure population trend and validly exam ne whether
changes in trend are devel opment-rel at ed.

Monitoring for Population Trend

Attributes of Monitored Species

Reliable estimtion of regional changes in seabird numbers requires
an initial selection of species appropriate for monitoring. These species
shoul d be abundant with a relatively w despread breeding distribution over
the area of interest (i.e., Bering Sea) (see Richardson et al. 1981, 1982;
Croxall and Prince 19799, and shoul d have population parameters that are
relatively easy to sanple, e.g., habitats are relatively easy to sanple
breeding adults, subadults, nests, eggs, and feeding young are relatively
easy to count. The group of species selected should include
representatives of all the inmportant foraging types (eg., those that feed
on the venthos, at the sea surface, in nearshore environnents, etc.--see
Croxall and Prince 1979). Additionally, some information should be
avail able on the history of the population (sizeof col ony, number of
breeding pairs, previous disturbances, etc. in earlier years). Ideally,
the species” should be relatively sensitive to perturbations from
activities expected to acconpany oil and gas devel opnent. Any species
whose distribution is restricted to the area of interest should also be
considered in any regional nonitoring program (e.g., an auklet, or the
red-1 egged kittiwake in the Bering Sea), because 1large proportions of
wor | d popul ations of such species may be at risk. W used these
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attributes as criteria for selecting key or inportant species for
investigation in a regional type of nonitoring program as discussed in
the fol | owi ng section.

Species to be Monitored

Initially, we have identified 14 species that occur over a reasonably
wi de area in the Bering Sea (exclusive of the Aleutian Islands) in
appreci abl e nunbers (thousands of individuals). Al of these are of
interest, but all need not be nonitored. In general, nost previous
studi es have concentrated on the cliff-nesting species (murres,
kittiwakes, cornorants) and neglected the hole- or cavity-nesting species
(aukl ets, puffins), because the cliff-nesting species are npst easily
sanpl ed and several species frequently can be nonitored sinultaneously.
The cavity-nesting species require more intensive study effort, usually
individual attention to each species.

W arranged the initial 14 species and the selection criteria
(attributes discussed earlier) in a matrix (Table 1). A score of 0-3 was
assigned to each cell in the matrix for each species. Although feeding
characteristics are an inportant attribute and a necessary criterion in,
any consideration of seabird nonitoring, they were not included in the
matri x because of the conplexity in assigning a score on the basis of how
birds foraged. Nevert hel ess, the top five species (red-legged kittiwake,
thick-billed nmurre, black-1egged kittiwake, | east auklet and red-faced
cornorant) selected for nonitoring (Table 1) provide a good cross-section
of species with different food habits and feeding strategies in the Bering
Sea (Hunt et al. 1981a, Bedard 1969a, Searing 1977, Wehle 1980). As well,
each of these species has all or most of the other attributes considered
desirable for monitoring.

Colondes to be” Mbnitored

W identified 11 colonies in the Bering Sea (exclusive of the
Aleutian Islands) nost of which support appreciable nunbers (thousands) of
seabirds. Al of these (plus others) may be of interest, but all. need not
be nonitored. An evaluation of the 11 colonies is givenin Table 2. W
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Table 1.

Seay Alaska.

An exanpl e of a possible scheme for eval uating seahirds for monitorimg i N the Bering

Attributes Murres Puffins __Auklets Cormorants Kittiwakes/Gulls Pigeon Northern
Selection Criteria IB < B - o I | LE _CR_ _PA RE PE BL  _RL_ GHGU Guillemot —Fulmar
A Abundant and 3 2 1 2 3 2 2 2 2 3 1.5 2 0.5 2

W despr ead
B. Monitoring 3 2 0.5 1 1 1 1 3 3 3 3 2.5 0 2.

Parameters

Quantifiable
c. Historical 3 3 0.5 0.5 2 1 2 i 1 3 3 1 0.5 2

Dat a
D. Especially 0 0 2 | 2 2 1 2 1 0 3 1 0 0.5

Score® s T » 45 8 6 6 8 7 9 105 6.5 1 6.5

Rank 2.5 6.5 13, 12. 4.5 10.5 10.5 4.5 6.5 2.5 8.5 1% 8.5

e Soores were separately and independently assigned by two biologists.

were resolved through conpronise (e.g.,

No major di fferences 4in ranks
soores of 0.5 1.5 2.5 3.5 4.5 and 5.5).

occurred; ni nor differences
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Table 2. An exanpl e of a possible scheme for eval uating seabird col onies for nonitoring in the
Bering Sea, Al aska.

Attributes/ Pribilof St. Matthew/ MNunivak Cape St. Amak  Cape Peirce/ Cape Ki ng Little
-Selection Criterda  __Js. . . Hallls., . __Is, = Senlavin Lawpence Is.  _Shajak Is.  Bluff Newepbap Is.  Diopede Is.
A, Appreciable # 3 2 1 0.5 2 0.5 1 1 1 1 1.5

of Key Species .’
Present at Col ony

B. Amenable 3 1.5 2 1.5 3 1.5 2 2.5 2 1 1
for Study

c. Historical Data 3 2 1.5 0.5 3 1 2 2.5 1 1 1
Scor e* 7 5.5 N5 75 T 3 5 § . 4 3 3.5
Rank 1 y b 11 2 9.5 5 3 7 9.5 8

e Scorea were separately and independently assigned by two biologists. #§e major differences In ranks oecurred; minor differences were
resol ved through conpronise (e.g., scores of 0.5 1.5 2.5 3.5 4.5 and 5.5).
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used the sane eval uation procedures for the colonies as we did for seabird
species in Table 1.

An additional inmportant attribute of a colony, when one considers a
regi on-w de monitoring programin the Bering Sea, i S its | ocation relative
to different devel opment basins (Fig. 1) and/or major oceanographic and
physiographic features (e.g., shelf breaks, Wat er masses, straits, gyres;
see Hood and Calder1981b). W have not |isted this as an attribute in
the matrix, “again because of the conplexity in assigning a single score.
Neverthel ess, the top five colonies (Pribilof |slands, St. Law ence
I'sland, Bluff, St. Matthew Island, Cape Peirce; see Table 2) selected for
monitoring on the basis of the other attributes, provide a good cross-
section of different |ocations (northern and southern mainland, northern
and southern offshore)? different devel opment areas, and different
oceanographi ¢ and physiographic feat ures.

Mnitoring for Effects of ocs Devel opment

As noted earlier, site-specific experiments are recommended to
eval uate whether specific ocs devel opment activities will cause changes in
popul ations. These experiments should be conducted when ocs activities
take place near seabird aggregations (e.g., where onshore or nearshore
activities occur near colonies or where offshore activities occur in
feeding areas). Because accidentally spilled oil is the nost |ikelyof
activities to cause large adverse effects, it would be very useful to site
experiments at an oil spill. Unfortunately, because sites of accidenta
spills cannot be predicted, and because many effects of a spill may not
still be evident by the time experinents can be nobilized, the nost that
can be done in such cases may be to count oiled or dead birds as quickly
as possible after a spill occurs to acquire a nortality estimte. But it
shoul d be relatively easy to test the effects of planned activities that

persist for relatively long periods.

Except for oil spills, OCS activities would not be expected to cause
appreciable nmortality to adults, but they have the potential to locally
alter production of young (See Roseneau and Herter 1984), whi ch over the
long termcould alter adult numbers. Thus, neasures of productivity seem
the nost |ogical approach to testing for the effects of development. (See
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Figure 1. Devel opnment basins in the Bering Sea(from Lewbel (cd.] 1983).
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also di scussions in the previous section "Selection of Variables to
Measure".)

Rat her than basing a productivity monitoring programon species and
col oni es whose attributes are best for monitoring, the program would be
based on hypot heses and experiments designed to investigate the cause-and-
effect relationship between a specific 0CS activity and the seabirds nost
likely to be affected (i.e., those nearby). This approach to monitoring
has the best chance of establishing cause-and-effect relationship between
ocs oil and gas activities and seabirds. Coupled with a region-w de
monitoring program (to place the experinental results in a broader
perspective), this site-specific approach to nonitoring also has the best
chance of predicting the consequences to regional populations of specific
ocs oil and gas activities.

OCS oil and gas activities that could have inmpacts on seabirds in the
Bering Sea have been described in several recent documents (Hameedi 1981
Roseneau and Herter 1984, Truett 1984), and generally fall into the
followi ng eight categories: 1) large oil spill, 2) small pol | utant
rel ease, 3) chronic operational discharges 4) seismic testing, 5) vessel
traffic, 6) aircraft traffic, 7) onshore construction, and 8) dredging and
pipeline construction. 411 of these activities? depending on their timng
and location, could have negative consequences ONn seabirds.

We have not attenpted to fornulate hypotheses or to design
experinments to test these hypotheses. These activities are best done
where participants froma variety of disciplines and affiliations can
interact and make contributions (see LG et al. 1984). W simply describe
a reasonabl e generic productivity sanpling design to detect changes that
mght lead to long-term popul ation effects. Proposed nethods follow

SUMMARY

Legislative mandate requires that MVS conduct monitoring prograns
following oil and gaslease Sal es on Al askats continental shelf to exam ne
| ong-termtrends in environnental quality-and productivity and to
determ ne whether any changes observed in such trends mght have resulted
from OCS oil and gas devel opnent. MBS has decided that seabird
popul ations should be one of the ecosystem conponents to be monitored in
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the Bering Sea. The objectives of a seabird nonitoring programwould be
to measure trend in popul ations and to determne if observed changesin
trend are developnent-related. Potential itenms to be nonitored include
popul ation nunbers and productivity.  Measures of seabird diet may help
interpret observed productivity and popul ation changes.

Past research has denonstrated that small to noderate changes in
nunbers and annual production of seabirds at col onies can be docunmented.
Causes of change are more difficult to determne, though changes in food
availability, resulting fromsuch things as fishing by man, |arge-scale
shifts in ocean circulation or climtic changes, have been inplicated.
There is no indication fromthe literature that any activities related to
ocs devel opment, except for oil spills, have caused popul ation changes to
seabi rds

A nmonitoring plan nust measure both long-termtrends «bird col onies
and determ ne whether ocs activities cause popul ation changes. A
conmbi nation of two approaches seens desirable to neet these requirements--
(1) repeated neasures of popul ation nunbers over time at selected col onies
to determne trends, and (2) experiments at sites of ocs activity to
determne whether the activities affect annual productivity. Trend
measur ement s al one cannot isolate causes of change, and results of
experiments at sites of OCS activities cannot, without trend nmeasurenments,
be readily translated into regional population-level effects. It does not
appear that food habits studies would contribute a great deal to
determ ning whether bird popul ations change or to establishing whether OCS
activities caused the changes.

For measuring regional trends in population “numbers over ting,
moni toring shoul d focus on species that are abundant, w despread, and
easily sanpled. Species that are unique or endenmic to the area are of
particular interest. At |east one species fromeach major foraging type
(e.g., benthie, surface, nearshore, offshore) should be included if

possible. In the Bering Sea, the five nost suitable species are, in

approximate order of suitability: red-legged kittiwake, bl ack-|egged
kittiwake, thick-billed murre, | east auklet, and red-faced cornorant.
Col onies that would be most suitable as trend monitoring sites, based on
the nunber and diversity of seabird species present, ease of study, and
amount of historical data available are those on the Pribilof |slands, St.
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Lawence Island, Bluff, st. Matthew Hall islands, and Cape Peirce/Shaiak
Island. Qther colonies are considered |ess suitable.

The primary variable of interest for trend nonitoring is popul ation
numbers, and several considerations apply. Two paraneters need to be
estimated: 1) the number of birds in attendance and 2) the nunber of nests
or breeding birds. Distributional characteristics of mpst seabirds in
colonies suggest the best enuneration techniques involve stratifying eliff
faces on which birds oeeur, counting of birds on sample plots, and
accounting for clustering of birds in statistical treatnment of data.
Patterns of tenporal variability in bird attendance at col onies suggest
that at |least five replicate counts should be nade. Ti me- | apse
phot ography is a useful tool to acquire inportant time-series informtion
Counts should be designed (e.g., collapsible into sinpler forms) so that
data collected can be readily conpared with data from previous studies.

For determ ning whether ocs activities contribute to seabird
popul ati on changes, site-specific studies of the effects of selected
activities on productivity are recomrended. Studies wth experinental
controls in space should be designed around specific activities that occur
near seabird colonies or feeding areas. The neasured effects of these
activities on colony productivity should be translated into potenti al
long-term effects on regional population nunbers so that correlations may
be made with results of the trend monitoring studies (see above).
Unfortunately, the activity nost likely to affect popul ation nunbers is
probably an accidental oil spill, effects of which would be difficult to
experimentally eval uate because |ocations of spills are not predictable.
The nost that canbe hoped for in such a case woul dbe to quantify oil-
caused nortality to the extent possible and attenpt to relate nortality
level t0 observations at trend nonitoring stations (e.g., at Colonies).

Productivity data collected on test and control sites should be
amenabl e to rigorous statistical tests for differences among |ocations and
years. Passive nethods for determning productivity (e.g., observations
froma distance) are reconmended to prevent reduced productivity as a
consequence of the research activity. Automatically-controlled canera
systens to regularly photograph sanple plots offer promse in both
popul ation and productivity studies.
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